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IT a time when the. ſciences are gene- 
rally cultivated, and a love of literature 
and knowledge has pervaded every rank and 
order of ſociety, an eaſy and familiar account of 

the moſt intereſting parts of Aſtronomy, will, 

it is preſumed, be found an uſeful performance. 

Many, who are not ſufficiently acquainted with 

the Mathematics, to read, with ſatisfaction, the 

works of Newton, and other eminent writers 
upon this ſubject, are yet very deſirous of ob- 
taining ſuch an idea of it, as will enable them 
to comprehend the leading principles upon 
which it is founded, and to partake of thoſe 
pleaſures, which enquiries into Nature, and the 
inveſtigation of ſome of her grandeſt operations, 
muſt neceſſarily afford to every ingenuous. and 
inquiſitive mind. | 
To this claſs of readers, the following Letters 
are particularly addreſſed. They were at firſt 

. deſigned for the private uſe of an individual, 

without any immedFate view to publication; 

but as nothing of the kind, ſufficiently clear 
and explicit to anſwer the purpoſe 'of general 
information, had hitherto appeared in our lan- 
guage, the Author was induced to make them 
public, in 1 of their affording ſome informa- 

. tion 
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tion to thoſe, whoſe ſituations. in life, or con- 
fined education, may have prevented them from 


thought of ſo abſtruſe and diſſicult a nature, as 


knowledge of many other branches of ſcience... 


as poſlible, all complicated mathematical 'prin- 
ciples and calculations, and to clucidate the moſt 


mit. For this purpole, ſuch parts of the ſcience 
only have been choſen, as ſeemed moſt likely to 
excite the curioſity and attention of the unin- 
formed reader; and to give him a tafte for thoſe 


advantages they afford in ſome of the molt 
important concerns of life, are of the greateſt 


utility in forming and dir ecting the mind, and 
in inculcating thoſe liberal and enlarged ideas, 
which exalt and dignify the human character. 


the nature of the undertaking, muſt be una- 
voidably deficient in many particulars, it is not 
to be expected that a ſcrupulous exactneſs has 
been always obſerved, or that every illuſtration 
of a ſubject is ſtrictly ſcientiſic. Such a minute 


attention would have been incompatible with 
the plan of the w ork, and extremely diſſicult to 
55 have 
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applying to a ſubject, which has commonly been 
to be utterly unattainable without 1 ö 


The principal object in view, throughout the 
whole performance, has been to avoid, as much . 


ſinking particulars, in as popular and caſy a 
manner as the nature of the ſubject would ad- 


Nudies and purſuits, which, belides the practical - 


In a performance of this kind, which, from 


A 
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. 


e 
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havegbeen obſerved, if not altogether impoſſible. 
The great object in view was to give a general 
idea of the operations and phanomena of na- 
ture, independent of abſtruſe reaſoning or labo- 


rious calculations; and though, by this means, 


the knowledge obtained by the Reader muſt, in 
many inſtances, be neceſlarily ſuperſicial, yet it 


may ſerve to give juſt ideas of the ſubject, and 


to correct thoſe notions which the prejudices of 
education, or the apparent view of things, might ; 
ſuggelt. oy EE 
As the work was written for the purpoſe of 
general inſtruction, the Author has not ſcrupled 
to make a free uſe of the labours of preceding 
Writers, whenever he found any particular ſub- 


ject illuſtrated in a manner ſuitable to his deſign: 


and if he has not always acknowledged. his obli- 


gations, it is becauſe ſuch alterations were com- 


monly made as rendered it impoſlible, without a 
ſhow of exactneſs which would have appeared 


affected and pedantic. The new matter intro- 


duced in every part of the performance, where 


it was moſt wanted, and the pains that have 


been taken to arrange and methodize the whole, 

are, it is hoped, ſufficient to obviate every ob- 

jection which may be made on this account. 
The frequent alluſions to the Poets, and the 

various quotations interſperſed throughout .the 

work, were intended as an agreeable relief to 

minds unaccuſtomed to the regular deduction - 
« of 
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of facts by mathematical reaſoning, and to en- | 
liven thoſe parts, where a {imple detail of parti- 


culars muſt, from its neceſſary length, become 


languid. Poetical deſcriptions, though they 
may not be ſtrictly conformable to the rigid - 
principles of the ſcience they are meant to 
elucidate, generally leave a _— imprefſion 


on the mind, and are far more cãptivating than 
ſimple unadorncd language. From a perſuaſion 


of this kind, the Author has ſometimes .expa- 


tiated on ſubjects with a warmth of expreſſion, 
which may perhaps ſeem too florid for a philo- 
| ſophical performance; but which alone could 


delincate thoſe elevated ideas, that muſt neceſ- i 


farily ariſe in the diſplay of the ſublimeſt ſcenes 
In nature, and the moſt . works of 
creation. 

Ihe favourable reception which the firſt Edi- 
tion of this Work has met with from the Public 
has induced the Author to reviſe it with the 
| greateſt care and attention, and to make ſuch 
alterations and amendments, as, upon reconſi- 
dering the ſubject, have ſince luggeſted them- 
ſelves to h him. 20 * 59 
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OF THE USE AND ADVANTAGE OF ASTRONOMY... 


F o 


DEAN six, 


HAVE always loved the ſciences hs their | 
own ſake, but I-now wiſh to cultivate them 

for your's. You have convinced me, by your 
amiable and polite manners, that your mind is 
formed for the acquilition of truth and know- 
ledge, and if I can afford you zny aſſiſtance, in 
directing your ſtudies and purſuits, -I ſhall con- 
ſider it as the moſt m—_ employment of 
my life. | 
The mode of communication you propoſe, 
is, I am afraid, leſs favourable to improvement, 
than your partiality in my favour will ſuffer 
you to imagine; but as our different ſituations 
and engagements deny me the pleaſure of 
a perſonal intercourſe, I ſhall be happy to pro- 
om mote 
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$ 


mote your views, and. contribute to your in- 


formation, by every means in my power. 


Aſtronomy. ſeems to be the ſcience you are 
deſirous of being firſt acquainted with; and 1 


know not that you could have made a better 
choice. ' This ſubject will awaken every faculty - 
of your mind, and is, of all others, the beſt cal- 


culated- to excite your curiofity and admira- 
tion. Not that I would wiſh to engage you in 
long calculations and laborious enquiries, which 


are of uſe chiefly to the practical proficient, 


who makes this the principal object of his pur- 
ſuit; but there is a gencral knowledge of the 
molt intereſting particulars, which is ſo eaſily 


obtained, that it is inexcuſable for a perſon of a 
liberal education to be totally deſtitute of it. 
It is this moſt pleaſing part of the ſcience 

that I would at preſent recommend to your 
attention: and as you are but little acquainted 
with mathematical principles, 1 ſhall endea- 
your to treat of it in as eaſy and independent 


a manner as the nature of the ſubject will admit. 
Jo diveſt it entirely of its uſual terms would 
be a vain and ridiculous attempt; but, if I do 
not deceive myſelf, 1 ſhall be able to remove 
every obſtacle of this kind which 1s in the leaſt 
likely to eh your progrels, © or prevent your 
impr ovement. 

Not to detain you, therefore, by . 
into a long diſſertation on its origin and pro- 


en, 
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greſs, which, at preſent, would be foreign to | 
@ur purpoſe, I ſhall proceed immediately to the 


ſubject itſelf, and leave thoſe particulars to be 


mentioned in their proper places. It will be 


ſufficient to obſerve, that Aſtronomy is a ſcience 
of the earlieſt antiquity, and has challenged the 


_ admiration of all ages. Poets, Philoſophers, 
and Hiſtorians, have all given it their higheſt 


encomiums, and Kings themſelves have en- 


riched it with their labours. 


The Poets, in particular, have been Javiſh in 
their praiſes upon this ſubject, and are indebted 
to it for ſome of their boldeſt images, and moſt 
exalted deſcriptions. Virgil, the greateſt maſter 
of verſe after Homer, ſpeaks of it with en- 
thuſiaſm; and, in the ſecond book of his 


Georgics, breaks out into this animated apol- 
"ns : 


* facred muſes, with whoſe beauty fd, 
My ſoul is raviſh'd, and my brain inſpir'd: 
Whoſe prieſt I am, whoſe holy fillets wear ; 
Would you your poet's firſt petition hear; 
Give me the ways of. wand'ring ſtars to know : 
The depths of heav'n above, and earth below. 
Teach me the various labours of the moon, 
And whence proceed th? eclipſes of the ſun. 
Why flowing tides prevail upon the main, 
And in what dark receſs they ſhrink again. 
What ſhakes the ſolid earth, what cauſe delays 
a The ſummer nights, and ſhortens winter days,” 


 DryYDeEeNn's Virso. 
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And, in like manner, the wiſeſt and oreateſt 


of men, both amongſt the ancients. and moderns, 
have confeſſed themſclves charmed with the 


beauties of this ſcience. To contemplate the 
grand ſpectacle of the heavens, has ever been 
_ conſidered as the nobleſt privilege of our nature. 


For it is here that we diſcover the wonders of 
the Almighty, and ſec the wiſdom of God in 
the works of the creation. Nor is there any 


knowledge, attained by the light of nature, 
that gives us juſter ideas of this great Being, 


or furniſhes us with ſtronger arguments by 


which to demonſtrate his exiſtence and attri- 


butes. © The heavens, ſays the Pſalmiſt, de- 
clare the glory of God, and the firmament 
ſheweth his handy work; day unto day uttereth 
ſpeech, and night unto night ſheweth -Know- 


ledge ;, and there is no ſpeech or agg where 


their voice is not heard.“ 

Thus Aſtronomy is not A'S valuable, as it 
affords us ſuch exalted-ideas of God and his 
works; but it alſo improves the mind, and in- 


cCreaſes the force and penetration of the human 
underſtanding. For, by means of this ſciencc, 
we are taught to diſcover the ſpring and foun-. 


tain of all the celeſtial motions ;- to follow the 
footſteps of the Creator through the immenſe 
regions of his empire; and to trace the ſecret 
cauſes by which he regulates the great machine 
of the univerſe. e : 
Were 


* e edt 
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cauſ 
regarded with the utmoſt conſternation, as 
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Were a knowledge of this kind 3 


with no other advantage, it has rendered eſ- 


ſential ſervice to humanity, by diſſipating our 


 ſuperſticious opinions and vain fears. Man is 


naturally timid, and terrified at dangers which 
he cannot foreſee, Before he is familiarized 


with nature he ſuſpe&s her conſtancy, and 


regards all her operations with dread and ap- 
prehenſion. The regular and invariable order 


of things will, at length, inſpire him with con- 
fidence; but ſtill there are ſome ſingular phæno- 


mena, which appear as alarming exceptions to 
the general rule, | 
Thus, in the early ages of the warld; ere 
men had learnt: to judge of eſſects by their 
2 total eclipſe of the ſun or moon, was 


ſeeming to portend the annihilation of the 
univerſe ; and the comet, with his fiery tail and 
blazing hair, was conſidered as the harbinger 
of divine vengeance; whoſe appearance de- 
nounced the death of princes, the deſtruction 
of empires, famine and peſtilence. But theſe 
opinions, as diſtreſling as they were erroneous, 
are; at length, entirely exploded; and we are 
now taught, by Aſtronomers, to look upon comets 
and eclipſes with tranquillity and compoſure. 
Aſtrology is another malady of weak minds, 
which is effectually eradicated by the principles 


of this ſcience. We now explore the heavens 


B43 fg for 
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for the purpoſe of adminiſtering to our wants 


* and neceflities by uſeful diſcoveries, and not 


under the vain pretence of ſearching into the 
| ſecret deſigns of fate, and the hidden events of 
futurity, This fallacious art, which appears ſo 
captivating to the vulgar, would have been as 
fatal to our peace, as it is contrary to the nature 


of things. Unhappy in the paſt, and diſſatisfied 


with the preſent, we live only by the hope of 
what is to come. A knowledge of our future. 


deſtiny, would ſerve only to increaſe the weight 
of our preſent afflictions; and by deſtroying 
every motive for exertion and activity, would 


render exiſtence a miſery, and the creation a 


deſert. 

But, notwithſtanding the abſurdity of its 
doctrines, this art is ſtill practiſed in almoſt 
every country of the world: and it is not long 
ſince, that, even in Europe itſelf, the people 
had their cunning men, and the princes their 
altrologers, by whoſe predictions they regulated 
their moſt important concerns. It is the light 
of ſcience only that can free us from the groſs 


impoſitions of theſe wretched empiricks. The 


immenſe diſtance of the ſtars is a convincing 
proof that they are too remote from us, for their 
influence to have any effect upon our globe. 
And as their aſpects and conjunctions have been 
ſubject, from all eternity, to invariable laws, 
they muſt be totally inſufficient to account for 


— that 
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that infinite diverſity of characters and paſſions 
which we obſerve among men. T o make every 


event depend upon the twinkling of z ſtar, is 
an abſurdity equal to that . of the Lapland 
wirches, who pretend to regulate the courfe of 
the winds by tying knots in a ſtring. 

Another fingular ſervice which 3 has 
rendered to ſociety, is the aſſiſtance it affords 
to the huſbandman and labourer, in the cultiva- 
tion of the earth. The whole buſineſs of agri- 


culture depends upon a knowledge of the 
ſeaſons, and the courſe of the ſun. In every 
climate there are certain neceſſary intervals be- 


tween the various operations of tillage and 
culture; and theſe intervals, being once known 
by experience, point out the proper time when 
every operation is to be performed. But how 
are we to know exactly, and before-hand, as is 
often required, the commencement of every 


ſeaſon, and its ſtated continuance? This can 


only be done by ſearching in the heavens for 
ſome invariable ſigns, which are always con- 


nected with them, and announce their return. 
Theſe ſigns are indicated by the ſun, or ſome 
particular ſtar ; and though the knowledge of 


them 1s but little attended to at preſent, it was 
abſolutely neceſſary in the ancient world, when 
the peaſant had no other guide to direct his 
labours than his own obſervations. Thus 
Arcturus, Orion, and the Pleiades, marked out 
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the ſeveral ſeaſons of the Greeks ; and the riſing 
of Sirius with the ſun, announced to the 
Egyptians the overflowing of the Nile, and the 
cuſtomary time of ſowing their grain, which 
was immediately after its retreat. Many of the 
ancient Poets and Hiſtorians furniſh us likewiſe 
with inſtances of a ſimilar kind, from which it 
appears, : that ſome of the moſt powerful and 

poliſhed nations had, for a long time, no other 
calendar than that which conſiſted of a few 


ſimple obſervations on the riſing and ſetting of 
certain ſtars. = 


In moſt of the common affairs of life, nothing 


is more neceſſary than an exact meaſure of time. 


But how is this to be obtained? We have the 


idea of ſucceſſion only from motion; and in or- 
der that the diviſion of it into parts may be ac- 
curate, it is requiſite that the motion ſhould be 
conſtant and uniform: bui ſuch a perfect and 
immutable teſt is not to be found upon the earth. 
Man has in himſelf the principles of motion; 
his ſenſations and ideas ſuccęed one another in 
a certain onder; but their durations and re- 
turns are io alas, that he can by no means 


employ them as a proper meaſure of time. The 


mind that ſuffers, and the mind that rejoices; 
the lover, courting his miſtreſs, and the crimi— 


nal upon the rack, commune by very different 
reckonings. 


It 
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It is to the heavens alone that we muſt look 
for a certain and invariable ſtandard. Thoſe 
magnificent bodies, that are placed at ſuch 
immenſe diſtances from our globe, move with 
an order and regularity which is not to be 
found in any other part of the creation. From 
them we have obtained all our knowledge of 
the ſeaſons, and the art of reckoning by certain 
periods of time. Had their motions been as 
various and mutable as thoſe which we obſerve - 

upon the earth, we ſhould have had no idea of 
the regular lapſe of time or the extent of dura- 
tion. This is ſtill the ſtate of the uncivilized 
and ſolitary barbarian, who computes his time 
by the falls of ſnow, or the progreſs of vegeta- 


tion, and is utterly ignorant of the more refined 
wants of ſociety. - 


The interval between the riſing and ſetting of 
the ſun, is a meaſure of time which is called a 
day, and is what is pointed out to us by nature 
herſelf ; but as we are frequently in want of a 
much longer period, we are obliged to have 
recourſe to other obſervations than thoſe which 
depend upon the appearance and diſappearance 
of the ſun. Some nations compute their time 
by the revolutions of the moon; or by months ; 
. ſome by the revolutions of the ſun, or by years,; 
and others again both by months and years. 

But this requires an exact knowledge of the 
Celeſtial motions; and thoſe who make uſe of 
both 
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both the revolutions together, ſhould know how 


to conciliate, and make them agree. It was 
this that gave birth to the Calendar; which 


was for a long time extremely imperfe&, has 


been often reformed, and is ſtill attended with 
many embarraſſments. 


Chronology is another ſubject ſo intimately 


connected with aſtronomical obſervations, that 


without their aſſiſtance, we ſhould have been 


but ill acquainted with the events recorded in 
hiſtor y, and the tranſactions of paſl ages. But it 
is only ſince certain memorable epochas, that 
this art can be conſidered as having any ſolid 
foundation. Beyond theſe every thing is in- 
volved in darkneſs and obſcurity. That uncer- 


tain tradition, which, before the invention of 
letters, was the only vehicle of information, has 


confounded and disfigured every relation. We 
find in ancient annals but few facts that are 
fixed by preciſe dates, ,and -even thoſe few are 
ſeldom the ſame in different authors. 

In this perplexed labyrinth, we have no other 
guide than what is afforded- by the light of 
\ ſcience. Thoſe facts which are agreeable to the 


common teſtimony of credible hiſtorians, are 


conſidered as ſo many fixed points, where 
the weary traveller may reſt himſelf, after his 
tedious reſearches in the barren regions of an- 
tiquity. But the obſervations by which the 
dates of early events have been determined are 

h very 
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very rare and uncommon. And what will appear 
ſtill more ſingular is, that we owe them entirely 


to the groſs ignorance and ſuperſtition of the 


times in which they were made. The phæno- 


mena of eclipſes, and particularly thoſe of the 


ſun, were the occaſion of general conſternation 
and terror ; and from the records they have left 

us of theſe alarming appearances, we are able 
to find the times in which they happened, 


If the writings of an hiſtorian were entirely 


| loſt, and we could only obtain a certain vague 


relation of facts, without dates, but accompanied 


with an account of ſome. remarkable eclipſe ; 


the aſtronomer, by his knowledge of the ce- 
leſtial motions, would be ſoon able to find the 
preciſe time in which they muſt have happened. 


It was by this means, that the celebrated Dr. 
Halley determined the very day and hour of 


Julius Cæſar's landing in Great-Britain, merely 


from the circumſtances of his relation. And ta 
the ſame cauſe it 1s owing, that the chronology 


of the Chineſe is much more authentic than 


that of moſt other nations. Their attachment 


to ancient cuſtoms, and the ſuperſtition which 


is ſo intimately blended with the adminiſtration 
of their public affairs, has led them to preſerve 
accounts of eclipſes that prove the exiſtence of 
their empire for near 4000 years paſt, 

But an advantage {till more intereſting and 


important, is the aſliſtance which this ſcience -. 
ED _ affords 
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affords to Geography and Navigation. An ac- 
quaintance with the ſituation and poſition of 
different countries, is not an object of mere 
curioſity or uſeleſs ſpeculation; but is now 
become indiſpenſably neceſſary, both to the 
gentleman and the man of' buſineſs; and is 
generally conſidered as one of the moſt uſeful 
branches of a polite and liberal education. 
Politics, commerce and philoſophy, have opened 
2 communication between almoſt every country 
on the globe. Alliances are formed between 
the moſt diſtant nations; traflic and ſcience 
have explored every region; and the produc- 
tions of different climates are tranſported from 
one extremity of the earth to the other. 

When Vaſco de Gama firſt opened the way to 
India by the Cape of Good Hope, and Columbus 
had found out a new world, the increaſe of 
riches and power reſulting to certain nations 
from theſe diſcoveries, excited the envy and 
ambition of the reſt, and-put all Europe in mo- 
tion. By a principle long eſtabliſhed among 
commercial nations, the firſt diſcoverer of a new 
country lays claim to it as his property; and is 
even jealous of the way that conducted him to 
it. This principle, whether well or ill founded, 
was adopted by every power in Europe; they 
all became equally deſirous of viſiting theſe new 
climates; and the emulation tor diſcovery con- 

1 | 2 tinually 
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tinually increaſing, the ſtudy of enn and 
a knowledge of: the globe, became a ner 
purſuit. | 

This ſcience, as well as that of Navigation, 
was for a long time extremely imperfect and ill 
underſtood : the knowledge of diſtant coun- 
tries - was founded merely upon the vague 
and uncertain accounts of travellers, who dis- 
figured and exaggerated all their relations by 
that love of the marvellous, which is ſo natural 
and congenial to the human mind: the pilot, on 
the other hand, confined himſelf to the paſling. 
of narrow ſeas, or coaſting along the ſhore, and 
preſumed not, by any dependance upon his art, 
_ to loſe light K land, and commit himſelf to the 
mercy of the winds and waves. It was Aſtro- 
nomy that firſt inſpired him with this confidence, 
and taught him to conduct his veſſel, with 
ſafety, through immenſe oceans, which had 
never before been traverſed by man. 

In this difficult and hazardous enterpriſe, it is 
not ſuſſiciedt for him to know the poſition of 
the port he deſigns to viſit; he muſt alſo be 
able, at all times, to find upon what part of the 
globe he is, how far he has travelled, and what 
courſe he muſt purſue during the reſt of his 
voyage. But theſe particulars can only be 
known from aſtronomical obſervations, and an 
accurate knowledge of the celeſtial motions. 
All the rules of the art are derived from this 
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ſource; and though their application be attended 
with ſome difficulties, it is of the utmoſt im- 
portance to every mariner that they ſhould be 
well underſtood, and properly practiſed : ſince 
the lives of his men, and the ſucceſs of his 
voyage, depend upon the knowledge of them. 

The government, in molt countries, are ſo 
ſenſible of *the truth of theſe obſervations, that, 
of late years, they have paid the utmoſt attention 


to pilotage and navigation. Since the maritime 


has become the preponderating force, Afſtro- 
nomy has been conſidered ag ſcience of great 
public utility, intimately connected with the 
intereſt of the ſtate, and deſcrving the protec- 


- » * 5 - o * 
tion of every commercial nation, The great en- 


couragement given to the profeſſors of this 


ſcience by Louis the XIVth and XVth of France; 


the noble reward offered by the Engliſnh for the 
diſcovery of the longitude at ſea; and the ex- 
penſive voyages that have been undertaken for 
abſerving the tranſit of Venus over the ſun, are 
all ſufficient proofs of its extenſive application, 


| and practical importance. 


Such are the advantages which ale have 


derived from the cultivation of this ſcience; 


but there is yet another, Which though leſs 
evident to the world in general, is never- 
theleſs ineſtimable in the eyes of a philoſopher. 
This is the knowledge which it affords us of 


nature; of the true ſyſtem of the world; and 


the 
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15 
the invariable laws by which it -is governed, 
Aſtronomy has opened to us ſuch a magnificent 


OF ASTRONOMY, 
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view df the creation, that we are ſtruck with 


aſtoniſhmeut at the grandeur of the ſpectacle, 
and the powers of Omnipotence. By looking | 
abroad into the univerſe, we exalt our ideas of 
the ſupreme e and extend the narrow 
ſphere of human conceptions; the faculties are 
ſtrengthened and improved; the underſtanding 
is enlarged; and the mind, in the contempla- 
tion of ſo many glorious objects, finds itſelf 
drawn to that Being who informs, directs, 
and animates the whole. 

This formal defence of a ſcience attended 


with fo many obvious advantages, would have 
been totally unneceſſary, had 1 conſulted only 


my own prepoſſeſſions in its favour ; but as you 
are yet but little acquainted .with the ſubject, 
and cannot poſſibly have obtained any rational 


conviction of its excellence, I imagined it 


would not be unpleaſing to you, to receive 
ſome account of its practical utility and im- 


portance. To enumerate every particular of 
this kind, would be uſeleſs and impoſſible. An 


attentive conſideration of the ſubject, will be 
more ſatisfactory than any previous information 
that can poſſibly be given you. | 

In order to form a proper judgment of any 
ſcience, it is neceſſary to have ſome knowledge 
of its nature and deſign. For want of this 
allſtance, | 
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ſiderable eminence in other reſpects, have been 
egregioully miſtaken when they have preſumed 
to give their opinions upon ſubjects which were 
- unconnected with their own particular purſuits, 
Some err through ignorance, and ſome through 
prejudice. Narrow minds think nothing of 
importance but their own favourite ſtudies; and 
whatever ſuits not with their humour and taſte 
is folly and abſurdity. 

Actuated by a principle of this kind, the 
preſent idol of modern literature, the author 
of the Rambler, has been led to ſpeak of the 
mathematical ſciences in a manner unworthy 
of his abilities. It was, ſays he, the great 
Praiſe of Socrates, that he drew the wits of 
Greece, by his inſtruction and example, from 
the vain purſuit of natural philoſophy to moral 
enquiries; and turned their thoughts from 
ſtars, and tides, and matter, and motion, to the 
various modifications of virtue, and relations of 


life.” 


illuſtrated * a ſtory which he tells of one 
Gelidus, a mathematician, who was ſo ab- 
ſorbed in his ſpeculations, that when his ſervant 
came to acquaint him a houſe was on fire, 
and the whole neighbourhood in danger of 
being burnt, he only replied, that it was very 
likely, for it was the nature of fire to act in a 


circle 


aſſiſtance, many writers, and even ſome of con- 


This thought is — ſtill further, od 


circle. He even diveſts this Pſendo Philoſopher of 


all the common feelings of humanity, and makes 
him as inſenſible to the wants of his family, as 
to the diſtreſſes of his neighbours. | 

Such fictions are as applicable to the ſpeculator 
upon morals, as to the ſpeculator upon mathe- 
matics. There are Quixotes and pedants in 
every. profeſſion : but inſtead of attempting to 


ridicule a ſcience of which he was totally 1gno- 


rant, he would have done well to have learnt it | 


himſelf. The mere theoriſt, whatever be his 


purſuit, is but of little uſe to ſociety ; but we 


| thould be careful, when we laugh at the abfur- | 
ditties of a viſionary pretender, not to depreciate 
the ſcience to which he has unhappily directed 


his attention. Swift ridicules mathematicians, 


and mathematicians enjoy the ſatire; not becauſe 
it is founded in truth, but becauſe it has wit 
and humour. 


The learned Joſeph Scaliger proceeded in a 


ſtill more ſingular manner; he was a man that 
aimed at univerſal knowlege ; and being parti- 


cularly deſirous of eminence in the ſciences, he 
publiſhed a large volume of mathematics, in 
which he profeſſed to have ſolved all the difhi- 


cult problems, which had been conſidered as 


the maſter-pieces both of ancient and modern 
proficients: but when this work came to be 
<xammed, i it was found that he was utterly 


C unacquainted 
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unacquainted with the ſubjects he had attempted 


to diſcuſs. Clavius expoſed his ignorance, and 
he, in return, not only abuſed Clavius, and the 
reſt of the mathematicians, but even reviled the 
ſcience itſelf. 


A great. and comprehenſive genius excludes 


none of the ſciences; they all contribute, by 


various means, to adorn and embelliſh life; 
and, for that reaſon, ought to be cultivated and 


improved. Happy-is the mind that is not con- 
tracted by the ſtudy of philoſophy, nor enervated 
by the charms of the Belles Lettres; that can 
be ſtrengthened by Locke; inſtructed by Clarke 
and Newton ; impaſſioned by Cicero and De- 


moſthenes ; and elevated by the powers of 


er and Virgil. 
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LETTER . 


Or THE FICURE AND MoTION oF THE EARTH. 


N my laſt letter I have ſhewn you the ex- 
cellence and advantage of Aſtronomy in 


general. I ſhall now come to particulars ; and 


endeavour to lead you, by gentle and eaſy ſteps, 
from the firſt principles of the ſcience, to thoſe 
parts which are the moſt intereſting and uſeful. 


And as the earth we inhabit is conſtantly ſubje& 


to our obſervation, and is that with which we 

are the beſt acquainted, a deſcription of its form 

and magnitude will naturally excite your 
curioſity ad attention. 


This vaſt body was long confidant as a legs 


circular plane, ſpreading out on all ſides to an 
1nfinite diſtance: and the heavens, above it, 
in which the ſun, moon and ſtars appear to 


move daily from eaſt to weſt, were imagined to 
be at no great diſtance from it, and to have 
been created ſolely for the uſe and ornament of 
our carth. Of this notion are the vulgar, and 
thoſe who are ignorant of Aſtronomy, to this 


day. But it is now well known to all mathe- 
maticians and philoſophers, that the earth is 


2 | of 
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of a round or ſpherical ©. pn nearly reſembling 
that of a globe. 

The truth of this doctrine, without having 
- recourſe to ſcientific principles, will appear ſut- 
liciently evident from the voyages of thoſe cele- 
brated navigators Magellan, Sir Francis Drake, 


Lord Anſon, Cooke, &c. who all ſet out, at 


different times, to ſail round the world; and, 
by ſteering their courſe continually weſtward, 
arrived, at length, at the place from whence 


5 they departed; which could never have hap- 
pened, had the earth been of any other Gan * 


ſpherical or globular figure. 
This foxm is alſo apparent, from the circular 


appcarance of the ſea itſelf, and the eircum- 


ſtances Which attend large objects when ſeen at 
a diſtance on its ſurface. Por, when a ſhip goes 


out to ſea, we firſt lofe- fighSof the hull, or 


body of the veſlel; afterwards of the rigging ; 
and at laſt diſcern only the top of the maſt; 
which is evidently owing to the convexity of 
the water between the eye and the object; or 
* otherwiſe, the largeſt and moſt conſpicuous 
part would have been viſible the longeſt, as is 
manifeſt from experience. | | 


Another proof, which 1s of no leſs 6 than 


either ofthe former, is t taken from the ſhadow 


of the carth, upon the face of the moon, in 


the time of a lunar eclipſe. For as the moon 
has no light but what it receives from the ſun, 
| | and 


* 
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end the earth being, at this time, interpoſed 
between them, the moon mult either wholly, 
or in part, become obſcure. And fince in every 
cclipſe of this Kind, which is not total, the ob- 


{cure part always appears to be bounded by a 


circular line, the earth itſelf, for that reaſon, 
mult be ſpherical, Becauſe it is evident, that 
none but a ſpherical body can, in all ſituations, .- 


caſt a circular ſhadow. 
Nor are the little unevenneſſes on the earth's 


ſurface, ariſing from hills and vallies, any ma- 


terial objection to its being conſidered as a 


round body; ſince the higheſt mountains we are 
| acquainted with, bear a leſs proportion to the 


whole bulk of the earth, than the ſmall riſings 
on the coat of an orange bear to that fruit; or a 
grain of ſand, to an artificial globe'of a foot in 
diameter. And accordingly we find, that theſe 


trifling protuberances occaſion no irregularities 
in the ſhadow of the earth, during the time of 
a lunar eclipſe; but that the circumference of 
it always appears to be even and regular, as if 
caſt by a body perfectly globular. | 
A number of other proofs might be given to 


the ſame purpoſe; but theſe are the moſt po- 
pular, and ſuch as I apprehend muſt entirely 
convince every impartial enquirer, whoſe object 
is truth, and whoſe mind is unclouded by 


| ſuperſtition, or an obſtinate attachment to early 


notions and vulgar prejudices. I mention this 
| C2 | the 
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the more particularly, becauſe, notwithſtanding 
the cleareſt arguments and moſt deciſive demon- 
ſtrations, there have been ſome who have 
violently oppoſed this doctrine, and even repre- 
ſented it as dangerous to religion and morals. 
Thus, ſeveral of the ancient fathers went ſo far 
out of their provincey as to pronounce it here- 
tical for any perſon to declare there was ſuch a 
thing as the Antipodes, or people who live 
oppoſite to us upon the globe. 


They took their objection from ſome paſſages 


of ſcripture, which they either ill underſtood, or 


ſtrangely perverted from their true meaning. 


For it is evident, that the ſacred writers ſpeak 


every where according to the common aPppear- 


ance of things; and were not ſo ſolicitous to 


inſtruct us in Philoſophy and Aſtronomy, as to 
make us good men, by laying before us a plain 


rule of faith and conduct. Thus: When Joſhua 


ſpeaks of the ſun and moon ſtanding ſtill while 


the Jews avenged themſelves of their enemies 
and Job deſcribes the earth as being ſupported 
by pillars, they uſed the popular language of the 


times, without concerning themſelves with the 


ſtrict philoſophical propriety of the terms they 
employed: the one being an hiſtorical re- 
lation; and the other a dramatical compoſition, 


in which ſuch figures of ſpeech have been 


f always allowable. 
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It is not known who was the firſt that aſſerted 


the figure of the earth to be ſpherical; but the 
doctrine is undoubtedly very ancient. For at 

the taking of Babylon by Alexander the Great, 
eclipſes were found to have been ſet down and 


computed for many centuries before the birth 
of Chriſt ; which, without a knowledge of the 
globular figure of the earth, could not have 


been done. Thales the Mileſian, who lived 


about 600 years betore Chriſt, muſt likewiſe 
have been ſufficiently acquainted with this ſub- 


: ject; ſince, according to the teſtimony of Her q- 


dotus, he predicted an eclipſe of the ſun. « After 
the war, ſaid he, had been carried on for ſix 
years between the Medes and Lydians, as they 
were going out to battle, the day became pre- 


ſently as dark as the night; which change had | 


been predicted by Thales to the lonians.” 

It appears therefore that, in thoſe early times, 
thegrue figure of the earth was not unknown 
in the world. But it is alſo equally certain, that 


this knowledge was conſined to a few; and that 


even ſome of the greateſt poets. and mathema- 
ticians themſelves were 1gnorant of it. Thus 


FHeraclitus, a Greek philoſopher, who flouriſhed 


about 500 years before Chriſt, ſuppoſed it to 
have the ſhape of a ſkift or canoe. Anaximan= 
der, his contemporary, imagined it to be cylin- 
drical ; and Ariſtotle, the great oracle of anti- 


quity, gave it the form of a timbrel, 


C4 — 


Py 


24 OF THE FIGURE AND MOTION 


Theſe, and many other abſurd: opinions of 
the ſame kind, which are attributed to the an- 


cients, plainly ſhew the confuſion and uncer- 
tainty which, at that time, attended the ſubject. 


But it is the glory of modern philoſophy, that 
this doctrine is now ſet in ſo clear a light, and 
the knowledge of i ſo generally diffuſed, that 
it is almoſt impoſſible it ſhould ever again be 


forgotten; or that the ravages of ignorant bar- 


barians, ſhould involve it in doubt and obſcurity. 


We are now certain, that the carth is not a 


level horizontal plane, ſtretched out infinitely on 
all ſides, and with a bottomleſs foundation. But 
that it is a globular body, ſuſpended in the void 
ſpace, and covered on all ſides with innume— 
Table inhabitants; who, by means of the. arts 
of navigation and commerce, can carry on a 
correſpondence with each other, and tranſport 
their commoditics to the moſt diſtant regions. 
Having faid thus much concerning the figure 
of the carth, 1 might now proceed to give you 
ſome account of its bulk or magnitude; for 
this alſo has been aſcertained ; and is now 
ſettled, by Mathematicians, to a ſufficient de- 
gree of accuracy and :precifion. But as the 
method by which the meaſurement of this large 


body was effected, as well as ſeveral other mat- 


ters relating to the true figure of the earth 
itſelf, depend upon principles which will be 


better explained hereafter, I muſt defer enter- 
. ing 
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ing into thoſe particulars till you are further 
advanced in the ſcience, and properly prepared 
to underſtand them, | 

That the true magnitude can be determined 
is not to be doubted. For the form of the earth 
being once known, its bulk could not long re- 
main a ſecret. Accordingly we find that ſeveral 
of the ancient philoſophers, who lived ſoon 
after the time of thoſe before mentioned, at- 
tempted the ſolution of this curious problem. 
And though the meaſures they have given are 
conſiderably wide of the truth, as well as dif- 
ferent from each other, yet this was owing more 
to the inaccuracy of their inſtruments, and the 
want of a ſufficient ſtack of mathematical 
knowledge, than to any real difficulty or im- 
practicability in the thing itſelf, | | 

But let us leave this ſubject for the preſent, 
and proceed to another of equal importance.—l 
| have before proved to you, from the moſt in- 
- dubitable arguments, that the carth is a globu- 
lar body, unſupported by pillars of a bottomleſs - 
foundation, as many have abſurdly imagined : | 
I ſhall now give you ſome account of its motion; 
a thing more remote from vulgar apprehenſion 
than the former, though equally certain and de- 
monſtrable. And, in order that you may ob- 
tain as clear and comprehenſive an idea of the 
ſubject as poſſible, we will firſt take a view of 
univerſe in general, and of that part of it in 
| particular, 
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particular, which Aſtronomers have called the 
vilible world, or ſolar ſyſtem, 


By the univerſe we are to underſtand the 


the creation. And, by the ſolar ſyſtem, 

meant that portion of the univerſe only, whit 
comprehends the ſun, planets, ſatellites, and 
comets. Of this ſyſtem the ſun is ſuppoſed to 


be the center; and it is now fully proved by 


Aſtronomers, that there are ſeven plancts 
moving round him, cach in its own path or 
orbit. The names of theſe planets, according 
to their diſtance from the center or middle point 
of the ſun, are, Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, and the Georgium Sidus. 


The two firſt, becauſe they move within the 


earth's orbit, are called inferior planets; and the 
four laſt ſuperior, from their moving without 


the earth's orbit. 


Whole frame of nature, to the utmoſt extent of 


” 


Now if we can form a notion of the manner 


in which our earth moves, we ſhall eaſily con- 
ceive the motions of all the reſt of the planets, 


and by that means obtain a complete idea of 


the order and ceconomy of the whole ſyſtem. - 


And, in order to this, nothing more is neceſſary 
than to conſider the common appearances . of 


the heavens, which are conſtantly preſented to 
our view, and attend to the conſequences. For 


ſince it is well known that the fun and ftars 
appear to move daily fr om eaſt to welt, and to 


return 
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return nearly ta the ſame places in the heavens 
again in twenty-four hours, it follows that they 
muſt really move, as they appear to do, or elſe , 
that we ourſelves muſt be moved, and attribute 
our motion to them: it being a ſelf-evident 
principle, that, if two things change their ſitu- 
ation with reſpect to each other, one of them, at 
leaſt, muſt be moved. & ID 
But if this change be-owing to the revolution 
of the ſtars, we muſt ſuppole them to be en- 
dowed with a motion ſo amazingly ſwift as to 
exceed all conception. Since it is now known, 
by calculations founded on the ſureſt obſerva- 
tions, that their diſtances from us are ſo im- 
menſe, and the orbits they have to run round ſo 
prodigiouſly great, that the neareſt of them 
would move at leaſt 100,000 miles in a minute. 
Now as nature never docs that in a complicated 
and laborious manner which may be done in a 
E more ſimple and eaſy one; it is certainly more 
agreeable to reaſon, as well as to the power and 
wiſdom of the Creator, that theſe effects ſhould 
be produced by the motion of the carth ; eſpeci- 
ally as ſuch a motion will beſt accaant for all 
the celeſtial appearances, and, at the ſame time, 
preſerve that beautiful ſimplicity and harmony, 
which is found to prevail in every other part of 
the creation. | | 


P 
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And this argument will appear ſtill more forci- 
ble, if we compare the vaſt bulk of the celeſtial 


bodics 
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bodies with the bulk of our earth. For it is well 
known to Aſtronomers, that the ſun is above a 
million of times bigger than the earth; and, 


from the beſt modern obſervations, it appears 


that many of the ſtars are at leaſt equally large. 
It is much more probable therefore, that the 


earth revolves round its axis, with an eaſy natu- 


ral motion, once in twenty-four hours, than 


that thoſe vaſt bodies ſhould be carried from 


one place to another, with ſuch incredible 


ſwiftneſs. 


Nor is it any objection to this rotation of the 
earth, that we are unable to perceive it. For 


as the motion of a ſhip at ſea, when ſhe fails 


ſwiftly over the ſmooth ſurface of the water, 
is almoſt imperceptible to the paſſengers and 
company on board ; much more ſo mult it be 
with ſuch a large body as the earth, that has no 
impediments or obſtacles of any kind to meet 


With in its way, or to diſturb its motion. A 


Balloon, turning upon its axis, as it floats 
through the atmoſphere, affords a ſenſible repre- 


ſentation. of the earth, in its annual progreſs 


round the, ſun : : 

That ſpinning ſleeps, 

On her ſoft axle, as ſhe paces even, 

And bears us ſwift with the ſmooth air along.“ 


MILTON. 


And, ä 
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And, in a manner equally eaſy, may another 


_ objection be removed, which has frequently 


been brought againſt this doctrine. It has been 


aſſerted, that if the earth moved, a ſtone dropped 
from the top of a tower, or any other high 


building, would not fall juſt at the bottom of 


it, as the building muſt have advanced con- 


ſiderably forward during the time of the fall. 
But this is evidently a miſtake; for it is well 
known, by repeated experiments, that if a body | 
be projected from another body in motion, it 


will always partake of the motion of that other 

body. Thus, a ſtone dropped from the top of | 
ga a maſt, whillt the ſhip is under fail, is not left 

- by the veſſel, but falls exactly at the foot of the 


maſt, And if a bottle of water be hung up in 


5 the cabin, with its neck downwards, it will 


empty itſelf, drop by drop, into another bottle 


placed exactly underneath it, though the ſhip 


ſhall have run many feet whll each drop was 
in the air. | 

This motion of the earth round its axis, 
which, from the inſtances already given, has 
been ſufficiently proved, 1s called its diurnal, or 
daily motion; and is that which occaſions the 
regular return of day and night, and all the 


. celeſtial appearances before mentioned. But 


there is alſo another motion of the earth, called 


its annual, or yearly motion, which occaſions 


* the 


U 
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the various viciſſitudes of the ſeaſons, ſummer, 


ee ſpring, and autumn. 


And the proofs of this ſecond motion may be 
* gathered from celeſtial appearances, in 


neatly the fame manner as the former. For as 
that luminary feems to moye round the earth, 
from eaſt to weſt, in tke ſpace of a day, which 


is really owing to the diurnal revolution of the 
earth upon its axis, in a contrary direction, ſo, 
likewiſe, he ſeems to have an annual motion in 
the heavens, and to riſe and ſet contiually in 
diflcrent parts of them; which is certainly oc- 
caſioned by the daily motion of the earth in its 


orbit, or path round the ſun, which it completes 


in the ſpace of a year. 14 

That the earth is not the center of the celeſtial 
motions, may alſo be ealily ſhewn from the re- 
volutions and appearances of the different planets 


Which belong to our ſyſtem. For it is certain, 


that wherever the ſun be placed, the orbit of 
Venus ſurrounds and incloſes him within itſelf; 
and therefore Venus, wlülſt ſhe deſcribes this 
orbit, muſt really move round the ſun. For ie} 
this planet is obſerved to be ſometimes above, 


or beyond the ſun; and ſometimes below him, 


or between the: ſun and u 82 but the was never 


known to. come in oppoſition to the ſun, or to 


be ſeen in the eaſt when he was in the welt ; 
Which muſt neccilarily. have happened, if ſhe ' 


had 
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had performed her revolution round the earth, 
in an orbit like that of the moon. 

In like manner, Mercury is always found to 
keep in the neighbourhood of the ſun, without 
ever receding from him ſo far as Venus; but 
as he is continually hid in the ſplendor of the 
ſun's rays, he can ſeldom be ſeen without the 
aſſiſtance of a teleſcope. The ſuperior bright- 
neſs of this planet affords, likewiſe, a ſufficient 
proof, that he muſt be much nearer to the ſun 
than any of the reſt; and from all this it is evi- 
dent, that the orbit of Mercury is included 


within the orbit of Venus, and that, like that 
planet, he regards the ſun as the center of his 


: motion. -— 


Mars, Jupiter, Git: and the Georgium 


Sidus, being ſuperior planets, muſt neceſſarily 
include the earth in their orbits; but from their 


various elongations, or diſtances from the ſun 


at different times, as well as from their ſtation- 


ary and retrograde appearances, it is plain that 


the ſun, and not the earth, muſt alſo be the 

center of their motions, or the body round 

- which they perform their reſpective periods and 
revolutions. 


And from hence it appears, that the earth it- 


ſelf muſt likewiſe move round the ſun. For 


ſince, by the place it obtains in the ſyſtem, it 
has thoſe moveable bodies Mercury and Venus 


on one ſide, nearer to the ſun, and Mars, Jupi- 


tex, 


— 
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ter, Sn and the Georgium Sidus, on the 
other ſide, more remote, it follows, from ana- 
logy, that; being of the ſame nature as they 


are, it muſt alſo partake of the ſame ſort of 


motions. And as the earth is in the middle, 


between Venus and Mars, ſo the period likewiſe | 


in which it performs its courſe round the ſun, 
is a mean between the periods of thoſe planets, 


being greater than the one, and leſs than the 


biker, as would naturally follow from ſuch a 


motion. 


The abſurdity of ſuppoſing the earth a ſeden- 


; tary and immoveable body, is ſuſſiciently ex- 


poſed in the following ſpcech of Adam to the 


angel Raphael, when he is enquiring concerning 


the nature of the celeſtial motions :- 


„ When I behold this goodly 1 this world 
Of heav'n and earth conſiſting, and compute 

Their magnitades, this earth, a ſpot, a grain, 

An atom, with the firmament compar'd 

And all her number'd ſtars, that ſeem to roll | 

Spaces incomprehenſible (for ſuch | 

Their diſtance argues, and their ſwift return 

Diurnal) merely to officiate light 

Round this opacous earth, chis punctual ſpot, 

One day and night; in all their vaſt ſurvey 

Uſeleſs beſides; reaſoning J oft admire 

How Nature, wiſe and frugal, could commit 


Such diſproportions. —— 


Mirrox's PARADISE Losr. 
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Many other proofs might be given, which 
eſtabliſh this doctrine upon the ſureſt forinda- 
ton, and ſecure the abettors of it from all 

ibility of contradiction. But in a thing 
which admits of abſolute certainty, there have 
been thoſe who were ſo perverſely ignorant as 
to refuſe all conviction. This opinion of the 
motion of the earth, like that of its figure, has 
met with continual oppoſition; and its advo- 
cates have been branded with the moſt igno- 
minious titles, and perſecuted with all the rage 


of fanaticiſm. 


The celebrated Ariſtarchus of 1 for 
defending this doctrine, was brought before the 
bench of the Areopagites, and accuſed, by his 


| adverſary, of having violated the laws of reli- 
gion and morality. And, not 200 years ſince, 


the great Galileo met with the ſame fate. He 
was ſummoned before the tribunal of the In- 
quiſition, and obliged ſolemnly to abjure his 
aſtronomical tenets ; that the ſun was immov- 
able, in the midſt of the unverſe, and that the 
carth revolved round it as its proper center. 
With which requiſition he was forced to com- 
ply; and to declare that he did with a ſincere 


heart, and faith unfeigned, abjure, cn and 
_ deteſt, theſe errors * hereſies. 


Such are the obſtructions that have back 


* conſtantly thrown in the way of ſcience and 
knowledge. But, happily for mankind, the 
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perſecuting ſpirit of bigotry and bunte i is 
now lofing- ground; and the dogmas of papal 


authority, are as little regarded as the infallibility 


of its deciſions. Philoſophers, of every coun- 
try; embrace the doctrine of Galileo, and are no 
longer ſubject to the arbitrary controul of monks 
and inquiſitors. That furious ſpirit of deſpo- 
tiſm and intolerance which has long held an 
uſurped dominion over the powers of the mind, 


as well as thoſe of the body, is at length giving 


Way to a more refined Polity ; and the friends 


of mankind have reaſon to hope, that the time 


is not far off, when the greater part of Europe 


will be ſuffered to enjoy, in quiet, that freedom 


of opinion, both in religion and the ſciences, 


which is the birth-right privilege of every 
human _ 
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8 the figure ad motion of the earth are 
nov ſufficiently eſtabliſhed, it will be pro- 


per to turn our attention to the reſt of the 


planets ; and, from deſcribing their nature and 


properties, to exhibit a ſummary view of the 
whole ſyſtem, In the firſt place, then, it 1s to 


be obſerved, that 'the planets are all opaque 
ſpherical bodies, like our earth, that have no. 

proper light of their own, but ſhine by means 
of the borrowed light which they receive from 
the ſun: for it is well known, from teleſcopical 
obſervations, that only that fide of them which 


is turned towards the ſun is ever illuminated; 
_ whilſt the oppoſite fide, which the borrowed 
Tays cannot reach, remains continually dark and 


obſcure. ; 5 
And the planets are not only ſimilar to our 
earth in form and ſtructure, but they likewiſe 
perform their revolutions exactly in the ſame 
manner. From the regular appearance and 
diſappearance of ſeveral remarkable dark ſpots, *_ 
WS. which, 
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which, by means of a teleſcope, are conſtantly 
to be ſeen on their bodies, we are able to de- 
monſtrate that they muſt have ſuch a motion 


round their axes, as anſwers to the diurnal 
rotation of the earth. And from their ſceming, 


at ſome times to be ſtationary, and at other 


times to go backwards, or be retrograde, we 
are alſo equally certain, that they muſt have ſuch 


a progreſſive motion round the ſun, as anſwers 


to the annual revolution of the earth in its 
orbit. 


Mercury, the SE planet to the ſun, Toes: | 


round him in about eighty-ſeven days anc 


rwenty-three hours, or a little leſs than three 


months; which is the length of his year. But 
being ſeldom. ſeen, on account of his nearneſs 
to the ſun, and no ſpots appearing on his ſur- 


face, or diſk, the time of his rotation upon has. 


axis, or the length of his days and nights, is as: 
yet unknown. His diſtance from the ſun is 
camputed to be about thirty-ſeven millions of 
mites, and his diameter three thouſand two 
hundred; and in his courſe round the ſun, 


he moves at the rate of a hundred and five 


thouſand miles an hour. | 

This planet, when viewed, in different poſi- 
tions, with a good teleſcope, ſeems to have all 
the phaſes or appearances of the moon, except 
that he can, at no time, be ſeen entirely round, 
or quite full ; becauſe his enlightened ſide is 
. 3 | never 


* 


of 
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never turned directly towards us, but when he 
is ſo near the ſun as to, be hid in his beams. 
And from this it is plain, that he ſhines not by 
any light of his own, as the ſun does, or other- 
wife he would certainly appear, at all times, 
round like that luminary. | 0 

Venus, the next planet above Mercury, is 
computed to be ſixty night millions of miles 
from the ſun, and by moving at the rate of 
ſeventy- ſix thouſand miles an hour, ſhe com- 
pletes her annual revolution in 224 days and 
17 hours, or about ſeven months and a half. 
Her diameter 1s ſeven thouſand ſeven hundred 
miles, and her diurnal rotation on her axis, is per- 


formed in 23 hours and 22 minutes. When this 
planet appears to the weſt of the ſun, ſhe riſes 


before him in the morning, and is called the 


Morning Star; and when ſhe appears to the caſt 


of the ſun, ſhe ſhines in the evening, after he 
ſets, and 1s then called the Evening Star; being 


in each ſituation, alternately, for about 290 
days: and during the whole of her revolution, 


ſhe appears, through a teleſcope, to have all 


the various ſhapes and appearances of the moon. 


The next planet above Venus, in our ſyſtem, 
is the Earth. Its diſtance from the ſun is 


ninety-five millions of miles, and by travelling 


at the rate of fifty- eight thouſand miles an hour, 


its annual revolution is performed in 365 days, 
5 hours, and 49 minutes, or the ſpace of a year; 


D 3 which 


s 


38 OF THE SOLAR s vs TEM, AND THE 


which motion, though 120 times ſwifter than 


that of a cannon-hall, is but little more than half 
the velocity of Mercury in his orbit. The 


earth's diameter is ſeven. thouſand nine hundred 
miles; aud as it turns round its axis every 24 


hours, from w-lt to eaſt, it occaſions an apparent 
motion of all the heavenly bodies, from eaſt to 
weſt, in the ſame time. i 


Next above the Earth's orbit, is Mars, whoſe | 


diſtance from the Sun is computed to be about 
144 millions of miles. He moves at the rate of 


fifty- five thouſand miles an hour, and completes © 


his revolution round the Sun in a little Jeſs than 
two of our years. His diameter is four thouſand 
two hundred miles; and his diurnal rotation 
upon his axis is performed in about 24 hours 
and 39 minutes. This planet ſometimes appears 
gibbous, but never horned, like the moon, 
which plainly ſhews, that his orbit includes tha: 


| of the earth, and that he ſhines not by his own 


native light. 


Jupiter, the largeſt of all the lanots, 1s fill | 


higher in the ſyſtem than Mars. He is reck- 
oned to be about four hundred and ninety mil- 
lions of miles from che Sun, and by going at the 
rate of twenty-nine thouſand miles an hour, 
completes his. annual revolution in ſomething 
leſs than twelve of our years. His diameter is 
computed to be eighty-nine thouſand miles, and, 
by a prodigiouſty rapid motion upon his: axis, 


he 
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he performs his diurnal rotation in 9 hours and 


56 minutes. 3 


Saturn, the next planet in the ſyſtem above 


Jupiter, is about 900 millions of miles from 


the Sun; and by travelling at the rate of twenty- 
two thouſand miles an hour; he performs his 
annual circuit round that luminary in about 
29 > of our years, His diameter is computed 


to be ſeventy-nine thouland miles ; but, on ac- 


count of his immenſe giſtance, and the defici- 


ency of light occaſioned by ſuch a remote ſitua- 
tion, the time of his diurnal rotation upon his 
axis has not yet been diſcovered. 

This has commonly been thought the moſt 
remote planet in our ſyſtem; but another, at a 


ſtill greater diſtance, called the Gzor61UM Stpus, 
has lately been diſcovered by Mr. Herſchel, the 
particulars of which, as they are new and in- 
tereſting, I ſhall ſpeak of more at large in ſome 


future letter. At preſent it is only neceſſary 
to obſerve, that beſides the primary planets here 
mentioned, there are ten others, called ſecon- 


dary planets, or ſatellites, which regard their 


primaries as the centers of their motions, and 


revolve round them in the ſame manner as 


thoſe primaries revolve round the Sun. 


One of the moſt conſpicuous of theſe ſatellites 
is the Moon, who is a conſtant attendant on our 
Farth; and, whilſt ſhe accompanies it in its 


annual progreſs through the heavens, keeps 
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1 = revolving raund it continually, by a different 
| motion, in the fpace of a month. The Moon's | 
3 diameter is two thouſand one hundred and 
eighty miles; her diſtance from the Earth two 
hundred and forty thouſand miles; and in bulk 
ſhe is about ſixty timesleſsthan the Earth. Jupiter 
has four ſuch Moons, and Saturn five; and. 
from the continual change of their phaſes, or 
appearances, it is evident that theſe alſo are 
1 opaque bodies, like the planets, and ſhine only 
by means of the borrowed light Rh they 
f receive from the Sun. | — 
It may alſo be obſerved, that our earth! 2 
: moon to the moon, waxing and wancing in ex, 5 
| a ctly the ſame manner; but appearing about 755 
4 . 'thirteen times larger, and, of courſe, atfording 
1 2 proportional quantity of light. When ſhe 
Changes to us, the earth will appear full to her, 
| and when ſhe is in her firſt quarter to us, the 
„ eearth will be in her third quarter to her. And, 
J | as her axis is almoſt perpendicular to the plane 
- of the ecliptic, one halt of her orb will be con- 
3 Wy {tantly illuminated by the reflected light af- 
| 3 7 forded by the earth in the ſun's abſence, whilſt - 
Z the other half will have a fortnight's darkneſs, 
EY and a fortnight's light, alternately. 
1 I be rotation of the moon upon her axis, 18 
| | alſo performed in exactly the ſame time that 
* = ſhe goes once round the earth, as is , evident 
from her always pr eſenting the ſame face to us 
| during 
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| during the whole of her monthly revolution ; 
1 and, on this account, it is plain that the inha- 
| bitants of one half of the lunar world, are 
totally deprived of a fight of the earth, and 
muſt, for ever, remain ignorant of its exiſtence, 
unleſs buſineſs, or pleaſure, leads them to ex- 
plore the oppoſite hemiſphere ; where they may 
have a full view of our globe, moving majeſti- 
cally through the heavens, at the rate of fifty- 
eight thouſand miles an hour, and appearing to 
o them like a newly created planet, of a magni- 
tude near 13 times larger than that of the ſun. 
A number of other particulars, relating to 
this ſubject, will be mentioned in their proper 
places, But a general idea of the ſolar ſyſtem, 
together with the periods, diſtances, bulks, &c. 
of the planets, will be beſt acquired from the 
: following table, which is formed from the lateſt 
obſervations of the beſt modern Aſtronomers, 
who have written upon this ſubject. A minute 
exactneſs in theſe matters, cannot be eaſily ob- 
tained; and as the neareſt round numbers are - 
better retained in the memory than thoſe which 
are more accurate, I have preferred this method 
of expreſſing them for the preſent, but, when Fe 
occalion requires, {hall be more preciſe. | | 
The explanation of the terms made uſe of in 
this Table, as well as in ſeveral other parts of 
the book, are to be found at the end of the 
; work, 
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| Beſides the number of their moons, the two 
planets, Jupiter, and Saturn, are diſtinguiſhed 
from the reſt in a manner ſtill more remarkable. 
The body of Jupiter is ſurrounded by ſeveral 
parallel faint ſubſtances called Belts. And Sa- 
turn has a magnificent luminous Ring, which 
encompaſſes him, at ſuch a diſtance, that ſeveral 
of the ſtars may be frequently ſeen between the 
inward ſurface of the ring and the body of the 
planet. But neither theſe appearances, nor the 
fatellites themſelves, can be diſcerned __—_ 
the aſſiſtance of a teleſcope. 

Having enumerated the planets and hw at- 
tendants, the Comets are now the only bodies 
belonging to our fyſtem, which remain to be 
mentioned; and of theſe the number is un- 


- kEnewn. But from a variety of obſervations 


which have been made on ſome of the moſt 
remarkable ones, it has been found that they 
move round the Sun, and croſs the orbits of the 
planets in all manner of directions. They are 
alſo ſolid opaque bodies, of different magni- 
| tudes, like the planets; and are diſtinguiſhed 
from them principally, by long beards of tranſ- 
Parent hair, or fiery tails, which continually 
iſſue from that ſide of them which i is furtheſt . 
from the Sun. | 5 
The orbits in which So vaſt bode move, 

ye exceedingly long ovals, or very eccentric 
, eNipſes,. of ſuch amazing circumferences, that 
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in ſome parts of their journey through the 


heavens, they approach ſo near the ſun, as to be 
almoſt vitriſied by his heat; and then go off 
again into the regions of infinite ſpace, to ſuch 
immenſe diſtances, as to be totally deprived of 
the light and heat, which the reſt of the planets 


receive from that luminary. 


What a magnificent idea of the Creator and 
his works is here preſented to the imagination! 
The ſun, a ſtupendous body of fire, is placed 


in the center of the ſyſtem, round whoſe orb, 
the planets, ſatellites, and comets, perform their 
revolutions, with an order and regularity that 


muſt fill our minds with the moſt exalted con- 
ceptions of their divine Original. Who can 
contemplate the magnitudes and diſtances of 


theſe vaſt bodies, and the beautiful harmony of 
their motions, and not be ſtruck with the gran- 
deur of the ſcene, and the power of omnipo- 
| tence! But what muſt be our aſtoniſhment when 


we are . that this glorious fyſtem, with all 


its ſuperb furniture, is only a ſmall part of the 
univerſe ; and if it could be wholly annihilated, 
would be no more miſſed, by an eye that could 
take in the whole creation, * a grain of ſand 


from the ſea-ſhore. 


To form a proper idea of the extent of the 


| univerſe, and the more glorious works of crea · 
tion, we mult turn our attention to the ſtarry 


firmament; and viſit thoſe numerous and ſplen- 
X did 
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did orbs which are every where diſperſed 
through the heavens, far e the limits oy 
our planetary ſyſtem. 


4 


« We, though from heav'n remote, to heav'n will move 
With ftrength of mind, and tread the abyſs above; 
And penetrate, with an interior light, 
"Thoſe upper depths, which nature hid from ſight. 
Pleas'd we will be to walk along the ſphere 
Of ſhining ſtars, and travel with the year. 
To leave the heavy earth, and ſcale the height 
Of Atlas, who ſupports the heav'nly weight. 
To look from upper light, and thence ſurvey 
Miftaken mortals wand'ring from the way.” 


 Ovip's METamorPHos1s. 


Ide is in theſe higher regions, that the Almighty 
has diſplayed himſelf in ſuch indelible cha- 


racters as muſt rouze the molt inſenſible ſpecta- 


tor, and fill his mind with admiration and aſto- 


niſhment. By contemplating the magnitudes 


and diſtances of the fixed ſtars, all partial conſi- 
derations of high and low, great and ſmall, Va- 
nith from the mind; and we are preſented with 
ſuch an unbounded view of nature, and the 
immenſity of the works of creation, as over- 
powers all our faculties, and makes us ready to 


exclaim with the Pſalmiſt, Lord, what is man, 
that thou art mindful of him, or the ſon of man, 


that thou regardeſt him * has 
The fixed ſtars are diſtinguiſhed from the 
planets by being more bright and luminous, 


"9 | and 
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and by continually exhibiting that appearance 
which we call the ſcintillation, or twinkling of 
the ſtars. This, probably, ariſes from their ap- 
pearing ſo extremely ſmall, that the interpoſition 
of any very minute ſubſtance, of which there 
are many conſtantly floating in the atmoſphere, 
deprives us of the ſight of them: but as the 
interpoſed body ſoon — its place, we again 
ſee the ſtar ; and this ſuccèſſion being perpetual, 
- occaſions the twinkling. 

But a more remarkable property'of the fixed 
ſtars, and that from which they obtained their 
name, is their never changing their ſituation 
with regard to each other, as the planets do- 

For though the revolution of the earth upon its 
axis occaſions an apparent daily motion of the 
whole frame of the heavens, in a contrary direc- 
tion; yet any two fixed ſtars being obſerved, 
at ſeveral diſtant, intervals of time, will always 
be found to preſerve the ſame relative poſition 
during the whole of this revolution. 

It is not to be imagined, that the ſtars are 
placed in one concave ſurface, ſo as to be all 
equally diſtant from us ; but that they are dif- 
perſed through unlimited ſpace, in ſuch a 
manner, that there may be as great 2 diflance 
between any two neighbouring ſtars, as there 
is between our ſun and thoſe which are the 
neareſt to him, So that an obſerver, who was 
placed near any fixed ſtar, would conſider it 
| | alone 
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alone as a real ſun, and the reſt only as ſo many 


ſhining points, placed at equal diſtances from 
him in the firmament., 

Thoſe ſtars which are the neareſt to us ſeem 
the largeſt, and are therefore called ſtars of the 
firſt magnitude; thoſe that appear ſomething 
leſs, of the ſecond magnitude; and ſo on as far 


as the ſixth; which includes all the ſtars. that 


are viſible without a teleſcope. And though in 
a clear winter's night, when the moon 1s below 


the horizon, the ſtars ſeem to be innumerable, | 
yet when the whole firmament is divided into 
ſigns and conſtellations, as it has been by the 
ancients, the number which can be ſcen at nr, 5 
by the naked eye, is not above a thouſand. - 
Since the invention of the teleſcope,. 3 | 
the number of the fixed ſtars has been juſtly. 


conſidered as immenſe; becauſe the more per - 

fect our inſtruments are, the more ſtars always 
appear to us; and it 1s therefore probable, that 
no limits can be ſet to their number or diſtances. 


The Galaxy, or Milky-Way, is one continued 


cluſter of ſmall ſtars, which combine to illumi- 


nate that part of the firmament, and diffuſe 


ſuch a ſhining whiteneſs through it; and in this 
portion of the heavens . only, the teleſcope 


diſcovers to us that their number is without | 


Weng. 


A broad 
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*© A broad and ample road, whoſe duſt is gold, 
And pavement ftars, as ſtars to thee appear, 
Seen in the Galaxy, that milky way, 
Which nightly, as a circling zone thou ſeeſt 
Powder'd with ſtars.” .——— 


Mit Tron. 


The immenſe diſtance of the fixed ſtars from 
our. earth, and from each other, is, of all con- 
ſiderations, the moſt proper for raiſing our ideas 
of the works of God, and the extent of the 


creation. The ſtar neareſt to us, and conſe- 
| quently the largeſt in appearance, is Sirius, 


or the dog-ſtar. Now the earth, in moving 
round the fun, is 195 millions of miles.nearer 


to this ſtar in one part of its orbit, than in the 


opponte one; and yet the magnitude of the 
ſtar appears to be not in the leaſt altered, or its 
diſtance affected by it. The celebrated Huy- 


gens carried his thoughts ſo far upon this ſub- 


jet, as to believe that there might be ſtars, 
at ſuch inconceivable diſtances from our earth, 
that their light, though it is known to travel 
at the rate of ten millions of miles in a minute, 
has not yet reached us ſince the creation of the 


85 world. 


The ſtars being at ſuch prodigious diſtances 


from the ſun, cannot poſſibly receive from him ſv 
ſtrong a light as they ſeem to poſſeſs, nor even a 
degree of brightneſs ſufficient to make them vi- 

| able to us. Eor his rays would be ſo ſcattered and 


E . diſſipated 


i 
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diſſipated before they could reach ſuch remote 


objects, that they could never be tranſmitted 


back to our eyes, ſo as to render thoſe objects 
viſible by reflection. The ſtars, therefore, ſhine 
with their own native and unborrowed luſtre, 
-and are totally different from the planets, which 
are opaque or dark bodies, without any other 
| . than what they receive from the ſun. 


Modern diſcoveries, alſo, make it probable, 


that each of theſe fixed ſtars is a fun, having 
worlds revolving round it, as our ſun has the 
carth and other planets revolving round him. 
For it is not to be imagined that the Almighty, 
who always acts with infinite witdom, and does 
nothing i in vain, ſhould have created ſo many 
glorious ſuns, lit tor ſo many important pur- 
poles, and placed them at ſuch diſtances from 


once another, without proper objects near enough 7 
to be beneſited by their influence. Whoever _ 


ſuppoſes that they were made only to give a 
faint glimmering light to the inhabitants of this 
globe, muſt have a very ſuperficial knowledge 
of Aſtronomy, and 2 mean opinion of the di- 
vine wiſdom : lince many of the ſtars are ſo far 
from benefiting us, that they cannot be ſeen 
Without the ute of a teleſcope ; and the Deity, 
by an infinitely. leſs exertion. of creating power, 


could have given our carth much more light, 


by n means of one üngle additional moon. 


4 | | | | = Inſtead. 
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1 Inſtead, therefore, of one ſun, and one world 
only in the univerſe, as the unſkilful in Aftro- 
nomy imagine, that ſcience diſcovers to us ſuch 
as inconceivable number of ſuns, ſyſtems, and 
: worlds, diſperſed through infinite ſpace, that 
our planetary ſyſtem compared with the whole, 
appears but as a point, or atom, and is almoſt 
j looſt in the immenſity of creation. The Geor- 
gium Sidus, notwithſtanding, revolves round 
the ſun in an orbit of above ten thouſand mil- 
lions of miles in circumference, and ſome of the 
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comets make excurſions of many millions of 
miles beyond this ; and yet, at that amazing 
diſtance, they are incomparably nearer to the ſun 
than to any of the fixed ſtars; as is evident 
from their keeping clear of the ſtars, and return- 
ing periodically by virtue of the ſun's attraction. 
Since the fixed ſtars, therefore, are prodigious 
ſpheres of fire, at inconceivable diſtances from 
each other, as well as from us, it is reaſonable 
to conclude that they are made for the ſame 
| purpoſes with our ſun ; to beſtow light, heat, 
and vegetation on a certain number of planets 
and ſatellites which revolve round them. And, 
from what we know of our own. ſyſtem, 
it ſeems probable, that all the reſt are with 
equal wiſdom contrived, ſttuated, and provided | 
with accotnmodations for rational inhabitants. | : 
For although there is an infinite variety in thoſe 
parts of the creation, which we have an oppor- 
| E 2 tunity | 1 


9 ITN 21 2 ” 
eee, FOR SRL * . 


Was Yet: 


* 


* . N 


| r | . 
£2 or THE SOLAR SYSTEM, &c, 


cunity of examining, yet there is a general 


analogy running through and connecting all the 
parts into one ſcheme, one deſign, one whol>! 


To conclude, in the words of an admired : 
writer upon this fubje&t ; „What an auguſt! 


what an amazing conception, if human imagi- 

nation can conceive it, does this give. of the 
works of the Creator! Thouſands af thouſands 
of ſuns, multiplied without end, and ranged all 


around us, at immenſe diſtances from each other, | 
attended by ten thouſand times ten thouſand 


worlds, all in rapid motion, yet calm, regular, 


and harmonious, invariably keeping the pyths/ 


preſcribed them; and theſe worlds peopled wi 
mytiads of intelligent beings, formed for an 


_ endleſs progreſſion in perfection and felicity. 


If fo much power, goodneſs, and magnificence, 
be diſplayed in the material creation, which is 
the leatt conſiderable part of the univerſe, how 


great, wile, and good muſt Het be, who made | 
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ud gov erns the Whole! 
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F all the gifts and benefits which the Author 

of nature has ſo plentifully beſtowed upon 
mankind, thoſe which conſiſt in the improve- 
ment of the mind by arts and ſciences are the 
moſt eſtimable. And, independent of the prac- 


tical advantages which ſociety derives from the 
cultivation of them, they afford us more pure 


and unalloyed pleaſures than any of the grati- 


fications of ſenſe can poſſibly beſtow. 


The unbounded view of nature, which I have 9 
laid open in my laſt letter, and the wonderful 
operations of the Deity in every part of this 
ſtupendous fabric, will not only ennoble the 


mind and ſtrengthen the underſtanding, but is 


likewiſe calculated to anſwer a ſtill more impor- 
tant purpoſe, that of laying a ſure foundation 
for natural religion, and leading us, in the moſt 


- ſatisfactory manner, to a knowledge of the great 


Author and Governor of the univerſe. 
Io ſtudy nature, is to ſearch into his work- 


manſhip; where every ſtep muſt lead us to that 


mighty * who prevails throughout, directs | 
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and animates the whole. From the micr oſcopic 
animalcule, which is indiſcernible to the un- 


aſſiſted eye, to the great and immeaſurable 


luminaries of heaven, he is every where pre- 
ſent. And whilſt we perceive his witdom and 
power thus equally diſplayed in. the exquilite 
and juſt motions .of the greateſt and ſubtileſt 
parts of the creation, we cannot but be excited 
and animated to correſpond with 'the general 


harmony. ; 


What ſublime ideas of this great Being, e 


we obtain from contemplating the vaſt diverſity 


of his works, which the curſory ſurvey we have 
taken of them, impertec& as it is, affords us ;* 
and how isthe mind enlarged and captivated by 


the aſtoniſhing ſcenes, and agreeable 1eflections 
which theſe enquiries continually preſent to 


vs. That part of nature, which is the imme- 
diate object of the ſenſes, is very imperfect, 5 
and but of ſmall extent; but by the aſſiſtance of 
art, and the help of our reaſon, it is enlarged till 


it loſes itſelf in an infinity on either hand. The 
immenſity of things on one fide, and their. 


minuteneſs on the other, carry them equally 
out of our reach, and conceal from us the | 
greater and more noble part of phyſical opera- 


tions. As magnitude of every ſort, abſtractedly 


conſidered, is c capable of being increaſed to in- 

finity, and is alſo diviſible without end: ſo we 

find that, ih nature, the limits of the greateſt. 
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and leaſt dimenſions of things are placed at 
an immenſe diſtance from each other. We can 
perceive no bounds to the vaſt expanſe in which 
natural cauſes operate, and are no leſs at a loſs 
when we endeavour to trace things to their 
clements, and to diſcover the limits which con- 


| clude the ſubdiviſions of matter. 


The objects which we commonly call great 
vaniſh, when we contemplate the vaſt body of 
the earth; the terraqueous globe itſelf is ſoon 
loſt in the ſolar ſyſtem ; in ſome parts it is ſeen 


only as a diſtant ſtar ; and in others is unknown, 
or viſible only at certain times, by vigilant ob- 


ſervers, aſſiſted, perhaps, by inſtruments like 
our teleſcopes. The ſun himſelf. dwindles into 


a ſtar. Saturn's vaſt orbit, and the orbits of 
all the comets, croud into a point, when viewed 


from numberleſs places between the carth and 
the neareſt fixed ſtars. Other ſuns give light to 
illuminate other ſyſtems, where our ſun's rays 


are unperceived, but theſe alſo are ſwallowed up 


in the immeaſurable expanſe. Even all the 


ſyſtems of the ſtars, which ſparkle in the cleareſt 
ſky, muſt poſſeſs but a ſmall part of that ſpace 


over which ſuch ſyſtems are diſperſed ; ſince 


more ſtars are diſcovered in one conſtellation, 


by the teleſcope, than the naked eye Pere 


in the whole heavens. 


And after we have riſen thus High, and left 


all definite meaſures ſo far behind us, we find 
: "0 I ourſclyes 
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ourſelves no nearer to a tens or limit; for all 
this is nothing to what may be diſplayed in the 


infinite expanſe, beyond the remoteſt Ras chat 
have ever been diſcovered. 


And, in like manner, if we deſcend in the 
ſcale of nature, towards the other limit, we find 
a like gradation from minute objects to others 


inconceivably more ſabtile ; and are led as far 


below ſenſible meaſures, as we were before car- 
1ied above them, by ſimilar ſteps, which ſoon 


become hid to us in equal obſcurity. From ml» 


crolcopic obſervations that diſcover animals, 
thoulands of which would ſcarcely form a par- 


ticle diſcernible to the naked eye; from the pro- 


pagation, nouriſhment, and growth of thoſe 


animals; from the ſubtilty of the effluvia of bo- 


dies, which retain their particular properties 
after the utmoſt degree of rarefaction; from 
many aſtoniſhing-experiments of the chemiſts; 
and eſpecially from the inconceivable minuteneſs 


of the particles of light, which find a paſſage 


through the pores ct tranſparent bodies in all 


manner of directions; it appears, that the ſub⸗ 


diviſions of the parts of bodies deſcend by 

number of ſteps or gradations that ſurpaſſes 1 
imagination, and that nature is inexhauſtible 
on every ſide, the two extremes of great and 


{mall being equally removed from our com- 
Tehenſion, ; 
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Nor is it in the magnitude of bodies only that 
this endleſs gradation is to be obſerved. Of mo- 
tions, ſome are performed in moments of time, 
and others are finiſhed in very- long periods; 
ſome are too flow, and others too fwift to be 
perceived by us. So that wherever we turn 

_ ourſelves, we are loſt in an endleſs labyrinth 
and find freſh reaſons, at every ſtep, to adore 
and venerate that Being, whoſe works are ſo 
various and hard to be comprehended. 

But it is now time to leave theſe pleaſing di- 
greſſions, and to give you ſome account of the 
different opinions of philoſophers, concerning 
the ſituation of the heavenly bodies, or the place 
which they poſſeſs in the univerſe. And in this en- 
quiry you will not be ſurprized to find, that they 
are no leſs various and contradictory, than thoſe 
relating to the figure and motion of the earth, 
as mentioned in a former letter. For mankind 
muſt have made conſiderable advances in aſtro- 
nomy, before they could ſo far diſengage them- 
ſelves from the prejudices of ſenſe and popular 
opinion, as to believe in a doctrine © ſublime, 
and remote from vulgar apprehenſion, as that 
which the moderns have now firmly eſtabliſhed. 

The beginnings of ſciences, as well as of other 
things, are uncertain and obſcured with fables z 
we collect, however, from ſeveral teſtimonies, 
that the” true doctrine of the planetary motions 
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was known in the world from the moſt early 
ages, and taught by ſome of the greateſt and 
wiſeſt men o antiquity. That admirable phi- 
loſopher Pythagoras, who flouriſhed near 500 
years Before Chriſt, was undoubtedly acquainted 
with this doctrine. But, from the accounts of 
his diſciples and followers, it is evident, that it 
'was not the reſult of his own obſervations; but 
that he had reccived hints of it from ſome more 
culightened nations, who had made greater 
advances in the ſcience. 
It is moſt probable, that the doctrine was tranſ- 
| planted by him from the eaſt, in which part of 
the world he ſpent two and twenty years, and 
ſcrupled not to comply with all the cuſtoms 
peculiar to the eaſtern nations, in order to ob- 
tain free acceſs to their prieſts and magi, to 
whom almoſt all knowledge of arts and ſciences 
was then confined. And as he was a man of 
extraordinary qualities, and had an inſatiable - 
thirſt for knowledge, fo he ſeems to have been 
the moſt ſucceſsful of any of the ancients in 
making himſelf acquainted with their philo— 
ſophy. 
Accordingly we find, that many of his fol- 
lowers had juſt notions of the planetary ſyſtem ; 
and not only taught that the earth moved daily 
on its own axis, and revolved annually round 
the jun, but gave ſuch an account of the comets 
| In 
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as is agreeable to modern diſcoveries. They- 
| alſo taught that every ſtar was a world, having 


each of them ſomething correſponding to our 
earth, ſuch as air and water; and that the moon, 
in particular, was inhabited by larger and more 
beautiful animals than thoſe of our globe. This 


| ſyſtem, however, was ſo extremely oppoſite to 


the prejudices of ſenſe and opinion, that it never 


made any great progreſs in the ancient world. 


The philoſophers of antiquity, deſpairing of 
being able to overcome 1gnorance by realon, ſet 


themſelves to adapt the one to the other, and? 


to form a reconciliation between them. 


The moſt celebrated of thoſe who undertook 
to eſtabliſh an hypotheſis of this kind, and to 
defend it with a ſhew of reaſon and argument, 
was Ptolemy, an Egyptian philoſopher, who 


lived in the time of the emperor Adrian, about 


an hundred and thirty years after Chriſt. He 
ſuppoſed with the vulgar, who meaſure every 
thing by their own conceptions, that the earth 


was fixed immoveably in the center of the uni- P. I. 6g. 1. 
verſe; and that the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, and Saturn, revolved 


round it in the order they are mentioned. Above 
theſe was the firmament of the fixed ſtars, the 
cryſtalline orbs, the primum mobile, and laſt 


of all, the cœlum empyrium, or heaven of hea- 


vens. All theſe vaſt orbs were imagined to 
mow round the earth once in twentygfour 
hours, 


of 
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hours, and alſo in certain ſtated or periodical 
times, agreeable to their annual changes and 
appearences. Every ſtar was ſuppoſed to be 
fixed in a ſolid tranſparent ſphere, like cryſtal ; 
and to account for their different motions, he 
was obliged to conceive a number of circles 
called eccentrics and epicycles, which crofſed 
and interſected each other in all manner of di- 
rections. And if any new motion was diſco- 
vered, a new heaven of cryſtal was formed to 
account for it. So that, in ſhort, as Mr. Fon- 
tenelle obſerves, heavens of cryſtal coſt him 
nothing, and he multiplied them won end, : 
to anſwer every purpoſe. 5 

This abſurd ſyſtem is referred to by Milton, 
in the 8th book of his Paradiſe Loſt, where, 
| ſpeaking of the dreams of viſionary philoſo- 
- Phers, concerning the nature and motion of the 
| heavenly bodies, he ſays, | | 


—— «« Or if they liſt to try 
Conjecture, he his fabric of che heav'ns 
Has left to their diſputes, perhaps to move 
Ilis laughter at their quaint opinions wide 
Hereafter, when they come to model heav'n 
And calculate the ſtars, how they will wield 
The mighty frame, how build, unbuild, contrive 
To fave appearances, how gird the ſphere 
With centric and eccentric ſcribbl'd o'er, 
Cycle and epicycle, orb in orb.“ 


The embarraſſinent of theſe circles appeared 


jo great, that n king of Caſtile, a con- 
ſiderable 
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ſiderable mathematician of his time, did not 
ſcruple to obſerve that if God had called him 
to his council when he made the world, he 
could have directed him how to have done it in 
a much better manner. The thought ſavours 
too ſtrongly of libertiniſm, but at the ſame 
time ſufficiently expoſes the contuſion and ab- 
ſurdity of this hypotheſis. | 
But independent of theſe coulda this 
rude ſyſtem was ſoon found incapable of ſtand- 
ing the teſt of obſervation and experiment; and, 
notwithſtanding the oppoſition of blind and 
zealous bigots, has long been rejected by all ma- 
thematicians and true philoſophers. The planets, 
Mercury and Venus, are now with certainty 
known not to include the earth in their orbits ; 
and the comets move through the heavens in all 
manner of directions, ſo that they muſt infal- 
libly have met with continual obſtructions, and 
would, long cre this, have broken all theſe cryſtal 
ſpheres to pieces, and rendered them totally unfit 
for the purpoſes for which they were deſigned. 
The contradictions and perplexities attending 
the Ptolemaic hypotheſis, were indeed ſo nume- 
rous and evident, that it was impoſſible they 
ſhould ever be reconciled upon that ſuppoſition. 
But notwithſtanding this, mankind were not 
eaſily induced to give up their darling prejudices, 
and embrace the truth, in whatever form ſhe 
_ preſented herſelf to them. Many early habits 
TO muſt 
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muſt be corrected, and vulgar prepoſſeſſions era- 
dicated from the mind, before we can be brou gbt 
to reckon the earth as a planet, and to conſider 
this prodigious globe, which, of all things in 
nature, appears to be the moſt fixed and ſtable, 
to be carried round the heavens with the rapidity 
of 58,000 miles an hour. 
Io humour theſe prejudices, by keeping the 
earth ſtill fixed in the centre, but at the ſame 
tine to remove ſome of the moſt palpable abſur- 
ditics attending that doctrine, was the deſign of | 
Tycho Brahe, who attempted to eſtabliſh a ne 1 
v. I. 68-2. ſyſtem, and to account for the celeſtial motions J 
by a more plauſible hypotheſis. This noble 
Dane, who flouriſhed in the latter end of the 
ſixteenth century, had furniſhed himſelf with an 
excellent collection of mathematical inſtruments, 
and, by that means, had made himſelf too well 
acquainted with the motions of the heavenly 
bodies, to imagine their center to be any where 
elſe than in the ſun. He was ſtruck with the 
beauty, ſimplicity and harmony of the Pytha- 
gorean ſyſtem, which Copernicus had lately re- 
vived; but out of reſpect for ſome paſſages of 
Scripture, which ſeemed to contr adict this.doc- 
trine, he ſet himſelf about to reconcile his learn- 
ing with his faith ; and, in order that the ear ch 
might remain quieſcent, he ſuppoſed the ſun, with 
all the planets, to be carried about it in the ſpace 
of a year; hilſt theſe, by their proper motions, 
: revolved round the fun in their ſeveral periods. 
. In 
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In this new ſyſtem of 'Tycho's, there is ſome 
ingenuity, though but little conformity to truth 
and obſervation. For having rejected the diur- 
nal rotation of the earth on its axis, Ns was 
obliged to retain the moſt ſhocking part of the 
Ptolemaic hypotheſis, and to ſuppoſe that the 
whole univerſe, to its fartheſt viſible limits, was 


carried by the primum mobile about the axis of 


the earth continually every day. But in this, 


however, he was abandoned by ſome of his fol- 
lowers, who choſe rather to fave this immenſe 


labour to the ſpheres, by aſcribing a diurnal mo- 


tion to the earth ; on which account they were 


diſtinguiſhed by the name of Semi-Tychonics. 

But though Tycho was not happy in eſta— 
bliſhing a new ſyſtem, he was yet of great uſe 
to Aſtronomy, by his diligence and exactneſs in 
making obſervations for a long ſeries of years. 
Amongſt other things, he diſcovered the re- 
fraction of the air, and determined the places 
of 2 great number. of the fixed ſtars, with an 
accuracy unknown to the aſtronomers of former 
times. He likewiſe demonſtrated, againſt the 
opinion which then prevailed, that the comets 
were higher than the moon; and from his ob- 
ſcrvations on this, and the reſt of the planets, 
the theories of their motions were afterwards 
corrected and improved; ſo that for theſe ſer- 
vices he will always be celebrated and eſteemed 
by aſtronomers. EO 
3 Arts 
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Arts and ſciences, like Kingdoms and ſtates, 
have their various changes and revolutions ; at 
ſome periods ſhining with uncommon luſtre, and 
at others involved in ignorance and barbarity. 
Aſtronomy, after having flouriſhed for a conſi- 
derable time under the auſpices of Pythagoras 
and his followers, was again neglected and ob- 


ſcuxed for many ages, ſo that the true ſyſtem of 


the world ſeems to have been entirely forgotten. 
Inſtead of conſulting the heavens, and collect- 
ing the hiſtory of nature, ſucceeding philoſo- 
phers were ambitious of gratifying their own 
vanity, by inventing whimſical hypotheſes, 
which had no conformity to fact and experi- 
ment. Solid orbs and epicycles were multiplied 
to anſwer every appearance, till the univerſe had 
loſt all its native beauty in their deſcriptions, 
and ſeemed again reduced to a chaos by their 


unhappy labours. 


It was about the middle of this century 
that Copernicus, a bold and original genius, 
adopted the Pythagorean, or true ſyſtem of the 
univerſe, and publiſhed it to the world in the 


PL. fig. 3-YCar 1530, With new and demonſtrative argu- 


ments in its favour. Seized with a daring en- 
thuſiaſm, he laid his hands on the circles and cry- 
ſtal orbs of Ptolemy, and daſhed them to pieces. 
And, with the ſame noble phrenzy, took the un- 
wieldy earth, and ſent her far from the center 
of the ſyſtem, to move round the ſun with the 
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reſt of the planets; ſo that of all the celeſtial 
equipage, with which ſhe had been formerly 
dignified, there only remained the moon to 
attend and accompany her in her journey. 
Europe, however, was ſtill immerſed in bar- 
bariſm and ignorance; and the general ideas of 
the world, were not able to keep pace with thoſe 
_ of a refined philolophy. This occalioned Co- 
pernicus to have few abettors, but many oppo- 
nents. Threatened by the perſecution of rehi- 
gious bigots on the one ſide, and with an ob- 
ſtinate and violent oppoſition from thoſe who 
called eg philoſophers, on the other, it 
was not without the greateſt ſolicitations, that he 
could be prevailed upon to give up his papers to 
his friends, with permiſſion to make them public. 
But, from continual importunities of this kind, 
he at laſt complied; and. his book de Revolu- 
tionibus Orbium cceleftium, after being ſup- 
preſſed for more than ſix and thirty years, was 
at length publiſhed, and a copy of it brought 
to him a few hours before his death. | 
In this treatiſe he reſtores the ancient Pytha-. 
gorean ſyſtem, and deduces the appearances of 
the celeſtial motions from it in the moſt con- 
vincing and ſatisfactory manner. Every age 
ſince has produced new arguments in its favour; 
and notwithſtanding the oppoſition it met with 
from the prejudices of ſenſe againſt the earth's 
motion, the authority of Ariſtotle in the ſchools, 
ts | the 


66 or THE SYSTEMS OF PTOLEMY, 


the threats of ignorant enthuſiaſts, and the ter- 
rors of the inquiſition, it has gradually prevailed 
ever ſince, and is now univerſally received by 
all the learned throughout Europe. | 
Towards the end of the ſixteenth century, 
and about the beginning of the next, thoſe 
great men Galileo and Kepler, particularly dit- 
tinguiſhed themſelves in the defence of this 
doctrine; and by means of the teleſcope, which 
was the invention of that time, made many 
new and ſurprizing diſcoveries in the heavens. 
By applying this inſtrument to the planets, 
Galileo firſt obſerved, that the phaſes of Venus 
were like the monthly phaſes of the moon; and 
from thence interred that ſhe revolved round 
the ſun as a center. He alſo proved the revo- 
lution of the ſun on his axis, from the motion 
of his ſpots; and thence the diurnal rotation of 
the earth became more credible. The four ſatel- 
lites which attend Jupiter, in his revolution about 
the ſun, repreſented likewiſe, in miniature, a 
Juſt image of the great ſolar ſyſtem, and ren- 
dered it more eaſy to conceive how the moon 
might attend the earth, as a ſatellite, in her 
annual revolution. In ſhort, by his diſcovering 
hills and cavities in the moon, and ſpots in the 
fun, conſtantly varying, he proved, clearly, that 
there was not ſo great a difference between 
celeſtial and ſublunary bodies as philoſophers 
had vainly imagined, 


From | 
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From theſe diſcoveries, Aſtronomy began to 
aſſume a new form, and moſt of the celeſtial 
phænomena were ſoon accounted for, according 
to their real or phyſical cauſes. Des Cartes, 
Gaſſendus, Caſſini, and Newton, employed 
themſelves, with the utmoſt diligence, in im- 
proving and perfecting this ſcience: and the laſt 
of theſe great men, in particular, has eſtabliſhed 
the Copernican ſyſtem upon ſuch an everlaſting 
baſis of mathematical demonſtration, as can 
never be ſhaken, but muſt laſt as long as the 


preſent frame of nature continues in exiſtence. 


„ T 0 


CETTER ET 
Or THE SysTEM of Des Carts. 


| | HE active mind of man is naturally fond 
| of inveſtigation; and from contemplating 
effects, we are inſenſibly led to enquire into the 5 | 
cauſes which produced them. After having diſ- += 
covered the vaſt extent of the creation, and the 
order, regularity, and harmony of the'celeſtial 
motions, our next reflections will be, how ſuch 
a frame began at firſt to exiſt, and by what force 
. thoſe prodigious bodies are conſtantly driven | 
round the ſun, and detained in their orbits. 

But to proſecute theſe reſearches with proper 
advantage, requires a free and unbiaſſed mind, 
invigorated with all the powers of genius and 
judgment. From the workmanſhip to trace the 
Workman; and from viewing the grand machine 
of the univerſe, to diſcover the hidden ſprings of | 
its motion, and the ſecret laws of its mechaniſm 

_and contrivance, is, of all purſuits, the moſt 
ſublime and intereſting, and, perhaps, the higheſt 
pitch of knowledge which the human faculties | 
are capable of attaining. | | 

It muſt not, therefore, be conſidered as a mat- | 
ter of ſurpriſe, that, in- the more carly ages of 
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the world, when ſcience was yet in its infancy, 
and the mind of man enſlaved and debaſed by 
ignorance and a barbarous ſuperſtition, a know- 
ledge ſo exalted and refined ſhould be but im- 
perfectly underſtood, and but little cultivated, 
The prieſts and magi of the eaſt, who are ſup- 
poſed to have been the firſt maſters of the ſci- 
ences, involved all their notions in ænigmatical 


and allegorical repreſentations ; ſo that what was 


plain and ſimple, was rendered myſterious and 
doubtful; and mankind, inſtead of being made 
acquainted with nature, and the manner in 
which ſhe conducts her operations, were amuſed 
only with abſurd fables and chimerical conceits, 
which were ſo far from anſwering the purpoſes 
of inſtruction, that they ſerved only to impede 


and retard it. To ſome of their moſt favoured 


diſciples and followers they unveiled their myſ- 


teries, but the people in general were kept in 
darkneſs and the groſſeſt ignorance. 


From Egypt and Phcoenicia philoſophy tra- 
velled into Greece, and was there more generally 
cultivated and diffuſed ; but in a manner equally 
unfavourable to inſtruction 'and improvement. 
The philoſophers of thoſe times, 'diſputatious 
and obſtinate, were more fond of victory than 
truth; and whillt they contended only to ſhew 
their abilities, and to diſplay a vain oſtentation 
of learning, men were diverted from purſuing 


after real knowledge, and a talkative philoſophy 
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was inſtituted, which was principally upheld by 
logical quibbles and ſophiſtical ſubtilties, that 
had no relation to fact or experiment, the only 
ſure foundations upon which any ſyſtem of . 
ſies can poſſibly be ſupported. 

Inſtead of ſearching into nature, men retired 
to contemplate their own notions; and, inſtead 
of tracing her operations, gave their imagina- 
tions full play; where they ought to have heſi- 
tated they decided ; and where there was no 
difliculty they doubted. What was ſimple they 


divided, and defined what was plain; but in 


what was more intricate, the ſubtertuges of art 
were ſet up in oppolition to nature, and captadus 
ſcience againſt common reaſon. | 

A conſiderable party of old, adopted that mon- 
ſtrous ſyſtem, which, excluding the influence 
of a Deity, attempted to explain the formation 
oi the univerſe from the fortuitous concourſe 


of atoms; and derived the ineffable beauty of 


things, and even life and thought itſelf, from 
a lucky hit in the blind uproar. One, ſect re- 
tained the paſſive and fluggiſh matter only, 
whilit Cthers, more and dad active as 
well as paſlive principles, lite as well as thought, 
and taught that every thing was governed by a 


ſupreme Mind. Some maintained, that there 


was no ſtability of eſſence or knowledge any 
where to be found, but that man was the mea— 
ſure of truth to WES in all things, and that 


every 


a. 
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every opinion or fancy of every man was true. 
Whilſt others, again, ran into the oppoſite ex- 
treme, and were ſo ſceptical , as to doubt even 
whether they doubted or not. 

But to leave theſe, and a thouſand 6ther crude 
notions, which deſerve no remembrance, we 
will now proceed to conſider the more plauſible 


_  hypathelis of a philoſopher of modern times, 


who has attempted to explain the phenomena 
of nature by principles leſs exceptionable than 
thoſe of the ancients; and has acquired ſuch a a 
reputation amongſt his followers, as makes it 
neceſſary to examine his doctrine with more 
particular attention. 

Renes des Cartes, a French philoſopher, who 
was born in the year 1596, was the author of 
this new ſyſtem, which has been ſo highly ex- 
tolled, and confidered by many, as the moſt ex- 
tenſive, and exquiſite in its contrivance, of any 
that had yet been imagined. Endowed with a 
bold and elevated genius, he {corned to ſubject 
himſelf to the ſervile drudgery of obſervation 


and experiment, but attempted to unveil all the 


myſteries of nature at once; and thought it be- 

neath him to offer any thing to the world, leſs 

than a complete and finiſhed ſyſtem. | 
In order to attain this grand purpoſe, he be- 


gins his Principia, by endeavouring to eſtabliſh 


a clear and perfect idea of the exiſtence and at- 
tributes of the Supreme Being; which he makes 
F 4 to 


3 


72 or THE SYSTEM OF DES CAR TES. 


to depend upon our inward conviction that ſuch 
2 being actually is; and from this abſokute and 
certain knowledge of the Deity, he attempts to 
deduce an explication of his works, that by this 
means, we may acquire the moſt perfect kind 
olf ſcience, which is that of deducing tte 
from their cauſes. 

From the veracity of the Deity, he infers the 
reality of material objects, which are repreſented 
to us, as exiſting without us; and, by placing 
the eſſence of matter in extenſion, concludes, 
that there can be no ſuch thing as a vacuum, or 
ſpace void of body or material ſubſtances; but 
that all nature is abſolutely repleniſhed, and 
that there muſt be an univerſal plenum. 

All ſelf-evident propoſitions and axioms, are 
made to depend upon the mere will and arbi- 
trary choice of the Supreme Being ; and, after 
explaining the formation of matter, and its divi- 
ſion into different elements, he next proceeds to 
thew how the univerſe might have aſſumed its 
preſent form, and may be for ever preſerved by 
mechanical principles. | 

To account for the motions of the celeſtial 


bodies, the ſun is ſuppoſed to be placed in the 


center of a vaſt whirlpool of ſubtile matter, 
which extends to the utmoſt limits of the ſyſtem; 
and the planets, being plunged into ſuch parts 
of this vortex as are equal in denſity with them- 


jelves, are continually dragged — 85 3 
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and carried round their ſeveral orbits by its 
conſtant circulation, Thoſe planets which have 
ſatellites, are likewiſe the centers of other 
ſmaller whirlpool: which ſwim in the great one; 
and the bodies that are placed in them, are driven 
round their primaries in the ſame manner as 
thoſe primaries are driven round the ſun. 

Now as the ſun turns upon his axis, the ſame 
way that the planets move round him, and the 
planets alſo turn round their axes, the ſame way 
as their ſatellites move round them; it was 
imagined, that if the whole planetary regiM. 
was filled with a fluid matter, like that before 
mentioned, the ſun and planets, by a conſtant 
and rapid rotation on their axes, would com- 

municate a circular motion to every part of 
this medium, and by that means drag along the 
bodies that ſwim in it, and give them the ſame 
circumyolution. | \ 

This, in few words, is the celebrated ſyſtem 
of vortices, and the world of Des Cartes. The 
fabric, it muſt be confeſſed, is raiſed with great 
art and ingenuity, and is evidently the produce 
of a lively fancy and a fertile imagination. But 
then, it can be conſidered only as a philoſo- 
phical romance, which amuſes without inſtruct- 
ing us, and ſerves principally ro ſhow that the 
moſt ſhining abilities are frequently miſemploy- 
ed; and will always be found inadequate, to. 
the arduous talk of forming a complete ſyſtem 
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; of nature, which is not te be expected even 


from the labour of ages. 
The method which he has taken to eſtabliſh 
the exiſtence and attributes of the Deity, merely 


from any abſtract notions which we can form of 


fach a being, independent of his works, is alſo 
very improper. and unſatisfactory. And the 
making of truth and falſhood, right and wrong, 
to be dependent on his will only, tends to 
weaken all ſcience and confound its principles. 


Whilſt he ſuppoſes extenſion to conſtitute the _ 
effence of matter, he neglects ſolidity, and the 


inertia by which it reſiſts any change in its ſtate 
of motion or reſt, which principally diſtinguiſhes 
body from ſpace; and, for that reafon, the doc- 


trine of an univerſal plenum, deduced from 
this definition, is founded upon falſe principles. 

That there is ſuch a thing as a vacuum in 
nature, or à ſpace void of body, may be de- 


monſtrated from a thouſand experiments. By 
means of the air-pump, we can ſo far exhauſt 


the air from a glaſs- receiver, that a guinea and 


2 feather, being let fall together, from the top 
of the veſſel, ſhall both deſcend equally ſwift, 
and come to the bottom at the ſame time: 


which evidently ſhews, that the air being taken 


away, there remains no other matter ſufficient 
to cauſe any ſenſible reſiſtance, or that in the 
le iſt impedes or obſtructs their paſſage, 


Upon 
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Upon the ſuppoſition of an univerſal pleni- 
tude, all motion, indeed, is impoſſible. For 
whatever be the nature of this materia ſubtilis, 
whether denſe or rare, the whole muſt be ab- 
ſolutely immovable and impenetrable ; and for 


a body to paſs through ſuch a medium, would 
be more difficult than for it to paſs through a 


ſea of quickſilver, or a rock of adamant. 


It was ſaid, by many of the ancient philoſo- | 
phers, that nature abhors a vacuum; and by 


means of this abſurd dogma, and mauy others 
of the like nature, they attempted to prove and 
illuſtrate the doctrine of an univerſal plenum, 
like that of Des Cartes. But this is a bare aſ- 


ſertion, unſupported by facts, and is too idle a 


notion to require any formal refutation. And 


in nearly the ſame predicament, are moſt of the 


other arguments that have been uſed in defence 
of this doctrine. They are all ſuſſiciently ex- 
poſed, not only by the Torrecellian experiment, 


and the nature of pumps in general, but like- 
wiſe from the moſt plain phænomenäà of the 


eonſtant and free motion of bodies; as well 
thoſe that are in the heavens, as thoſe. that, are 


near the earth's ſurface, which come continually 
under our inſpection. 


The objections which may be brought againſt 
his vortices, or whirlpools, are alſo equally 


ſtrong and irrefragable; and ſhow clearly enough, 


the 
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the contradictions and abſurdities which attend 
this hypotheſis. For if theſe imaginary vortices, 
carried the planets from weſt to eaſt, by means 
of their particular circulations, the comets, 
which traverſe thoſe ſpaces in all manner of di- 
rections, from eaſt to weſt, and from north to 
ſouth, could never move according to any de- 
terminate law, as they would be conſtantly im- 
peded and turned out of their courſe 1 many 
contrary and oppoſite motions. 

And beſides, if it ſhould be allowed, that tlie | 
comets had never actually paſſed from eaſt to 
weſt, and from north to ſouth, yet nothing 
would be gained by this conceſſion. For it is 
well known, that whilſt a comet is paſling 
through the neighbourhood of Mars, Jupiter, or 
Saturn, it moves conſiderably ſwifter than either 
of thoſe planets; and therefore cannot be carried 
round by the ſame bed of fluid matter, which 
is ſuppoſed to carry round theſe planets. 

It has likewiſe been demonftrated by Newton, 
and others, that let the nature of theſe vortices 
be what it may, yet the circulations of the 
planets, in ſuch a fluid, would never agree with 
the known laws of their motion, eſtabliſhed by 
all the later aſtronomers, from repeated obſer- 
vations. But, admitting for a moment that 
this ſyſtem of Whirlpools was compatible with 
the phxnomena of nature, and the laws of me- 

| chanics, | 
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chanics, yet their cauſe would be but little 
| better; for no ſuch whirlpools have ever yet 
been ſhown to exiſt. It is not ſufficient that an 
hypotheſis accounts for the phænomena; but it 
muſt be ſhown that it is founded in fat, and 
ſanctioned both by reaſon and experience. | 
To ſum up the whole, it is eaſy to perceive 
what muſt happen to ſeveral fluids circulating 
in contrary directions, and in oppoſition to one 
another. They would neceſſarily be confounded 
together; and inſtead of maintaining an order 
and harmony in nature, would forgg, a chaos, 
and introduce eternal anarchy and confuſion. 
This alone would at once have expoſed the-Car- 
teſian ſyſtem to the utmoſt ridicule, if a love of 
| novelty, and an habitual diſuſe of free and im- 
partial enquiry, had not univerſally prevailed in 
the world, and made way for its introduction. 
This doctrine has been often altered, and va- 
riouſly mended, ſince it was firſt propoſed by 
its author ; and, for near a hundred years paſt, 
many ingenious men have been making their 
utmoſt efforts to patch it up and ſupport its 
credit. But the foundation is too faulty; and 
the whole ſuperſtructure ſo erroneous, that it 
were much better to abandon the fabric, and 
ſuffer the ruins to remain a memorial to poſ- 
terity, of the folly of ——— N and 


preſumption. 
It 
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It was upon the principles of the Carteſian 
philoſophy, that Spinoza founded his ſyſtem of 
Atheiſm, and from thence attempted to defend 
all the abſurditics which naturally attend ſuch 
a doctrine. And though many of the followers 
of Des Cartes have endeavoured to ſhow that 
his ſyſtem is not in the leaſt favourable to ſuch 
notions, yet it muſt be owned that they have 
but ill ſucceeded. For if a void be impoſlible, 
and matter be infinite, it will evidently follow 
that matter muſt be neceſſary. But if matter 
be neceſſary, it mult exiſt of itſelf, by an abſo- 
lute neceſlity inhcrent in its nature, and ante- 
cedent to all things. Matter would therefore be 

od, and he who maintains theſe principles, 


ought, if he reaſons conlaynantly, to admit of 


no other concluſion. 

Leibnitz, the great and inuſtrious opponent 
of Newton and Clarke, draws, it is true, very 
different concluſions from this doctrine. From 
repreſenting the univerſe as a machine that 
would proceed for ever, by the laws of mecha- 
niſm, in the moſt regular manner, and by an 
abſolute and inviolable neceſſity, he concludes it 
to be a perfect work, or the beſt that could poſ- 
fibly have been made; and contends, that the 
contrary- opinion is derogatory to the wiſdom 
and power of the Supreme Being. 

The origin of evil, which has perplexed and 
exbarrafſed the philoſophers of all ages, he aſſerts 


to 
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| to be perfectly reconcileable upon this ſyſtem. 


Like Plato and Chryſippus of old, he maintains 
that it never could have been the aim, or firſt 
intention of the Author of Nature, and Parent 
of all good, to make men obnoxious to diſeaſes, 
and other evils; yet, whilſt he was producing 


many excellent things, and forming his work 


in the beſt manner poſſible, other things alſo. 
aroſe, connected with them, which were incom- 
modious, and not made for their own ſake, but 
permitted as neceſſary conſequences of what was 
beſt. | $ 

The perfection of the univerſe was, indeed, 
this learned author's darling theme. But after 
all which he has ſaid upon the ſubject, though it 
may perhaps@erplex his readers, yet it can never 
fatisfy them. For is it not much more deſirable 


that the Author of the world ſhould be con- 


ſtantly acting in it, and cheriſhing it by his pre- 
ſence, than that after having finiſhed his work, 
he ſhould totally abandon it, and think it no 
further worthy of his notice or inſpection ? 

It was fit that there ſhould be, in general, a 
regularity and conſtancy in the courſe of nature, 
not only on account of its greater beauty, but 
alſo for the ſake of intelligent agents, who, with- 
out this, could have had no foreſight, or occaſion 
for choice and wiſdom in judging of things by 
their conſequences; and therefore, no proper 
exerciſe for their reaſonable faculties, | 
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But though the courſe of nature was to be 


regular, it was not neceſſary that it ſhould be 


oy governed by thoſe principles which ariſe from 


the various motions and modifications of inactive 


matter, or hy mere mechanical laws only; ſince 


it would then have been incomparably inferior 


to what it now is, both in beauty and perfection, 
and conſequently far leſs worthy of its ineffable 


Contri iver : 


— ä Whoſe mighty hand, 

For ever buſy, wheels the ſilent ſpheres; 

Works in the ſecret deep; ſhoots, ſtreaming thence 

The fair profuſion that o'erſpreads the ſpring: 

Flings from the ſun direct the flaming day; 

Feeds every creature: hurls the tempeſt forth ; 

And, as on earth this grateful change revolves, 

With tranſport en all the ſprings of life, 
Tuousox. 
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LETTER VI. 


OF THE DISCOVERIES OF KEPLER AND GALILEO. 


STINGUISHED above other: e 


by the faculty of reaſon, and the ſuperi- 


_ ority of his nature, man is {till the ſlave of pre- 


judice and opinion, prone to error, and ſubject 


to continual deluſion. Truth and ſcience ad- 


vance by ſlow degrees; one age deſtroys the la- 
bours of another, whilſt conjecture and hypo— 
theſis ſupply the place of argument and demon- 


ſtration. Nature performs her operations con- 


ſtantly before our eyes, and has furniſhed us with 


the means of tracing their cauſes and connec- 
tions; but the mind, debaſed by indolence, or 
bewildered by ſuperſtition, regards theſe aſto- 


niſhing ſcenes with indifference, and conſiders all 


attempts to inveſtigate their cauſes, as the effects 


of a preſumptuous and daring impiety. 


From the time of Pythagoras to the ſixteenth - 
century, when the true ſyſtem of the world was 


again revived by Copernicus, the vulgar opinion 


of the motion of the heavens, and the immobility 
of the earth, was generally received; and time, 


inſtead of diſcov ering its fallacy, ſerved only to 
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ſtrengthen and confirm it. To the authority of 
men of acknowledged reputation for their learn- 
ing and talents, the example of ages was added; 
and thus was error tranſmitted from one genera- 
tion to another, with additional prevalence. 
Plato and Ariſtotle were appeated to us as the 
arbiters of every diſpute, from whoſe authority 
there was no appeal; and when reaſon and 
argument failed, the aid of OY was — 
in to their ſupport. 

To diſſent from the opinions of Ariſtotle, or 
thoſe which his ignorant interpreters had given 
him, was looked upon as a hereſy that called for 
the loudeſt anathemas of the church. And fo 
vencrable and ſacred were thoſe doctrines: held, 
that whoever preſumed to controvert them, was 
conſidered as an impious innovator, that at- 
tempted to remove the land- marks both of faith, 
and reaſon. To his opinions, in all religious 
controverſies, both parties appealed; from theſe 
the Papiſt ſupported all his abſurdities, and the 
Proteſtant drew arguments for their refutation. 

Error being thus eſtabliſned by time, ſuper- 
ſtition and prejudice, the face of nature was co- 
vered with a veil of awful obſcurity, and the 
progreſs of uſeful knowledge effetually pre- 
vented. The higheſt ambition of ſome of the 
moſt eminent men of the age, was to prove the 
truth of that by ſophiſtical arguments, which 
rexſon and ſcience affirmed to be falſe. But 

| | ſuch 
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ſuch fantaſtical learning could not long prevail; 
time will always produce ſome lovers of truth, 
who will penetrate through clouds of error to 
attain it. After a long night of the moſt pro- 
found darkneſs, Copernicus again revived the 
true ſyſtem of Pythagoras and his followers, and 
ſhewed it to be the only one which was agreeable 


to reaſon and obſervation. |} 


But the greateſt champion of uſeful learning 
that had hitherto appeared in the world, was Sir 


Francis Bacon, Lord Verulam, who by his ſupe- 


rior knowledge and eminent abilities, overthrew 
the eſtabliſhment of ignorance and error, and 
convinced the infatuated world, that opinions 


_ ſupported by the authority of Ariſtotle and an- 


tiquity, were not infallible. By clear incontro- 
vertible arguments, ſupported by reaſon and 


| ſcience, he refuted their errors, and ſhewed that 


the only method of obtaining a true knowledge 
in philoſophy was by obſervation and meh 
experiments. | 

It was now that men began to diſcern truth 
from falſehood, and diſregarding hypotheſis and 
conjecture, to. inveſtigate the works of nature 
from their effects and appearances. Matter and 
motion were obſerved to conſtitute the principal 


phænomena of the viſible world, and as the pro- 
perties and affections of theſe are the ſubject of 
mechanics, that ſcience grew into eſteem, and was 


G2 cul- 
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cultivated by all the moſt eminent mathemati- 
cians in Europe. 

By applying mathematical reaſoning to me- 
chanical experiments, Sir Iſaac Newton eſta— 
bliſhed the truth of the ancient Pythagorean 
ſyſtem ; and upon this foundation raiſed the 
ſuperſtructure of that philoſophy, which, whilſt 
all other ſyſtems fink into ruins, and little more 
than their inventors names are remembered, 


will remain for ever firm and-unthaken: for being 


once proved to be true, 1t muſt eternally remain 
ſo, a8 nothing can alter it but the utter ſubver- 
ſion of the laws of nature, and the conſtitution 
of things. 

The method of adtulitting nothing i into philo- 
ſophy, unconfirmed by experiment or demon- 
ſtration, required too great a perſeverance for 
the flighty imagination of thoſe, who, content- 
ing themſclves with the ſemblance of truth, ex- 
patiated in the wilds of fiction. For a work of 
this kind, the genius and induſtry of a Newton 
was alone ſufficietit, who chole rather to acquire 

a little true knowledge of nature trom practical 
inveſtigation, than to aim at a general compre- 
henſion of all her operations, upon the weak 
toundation of probability and conjecture, 
But in order that the genius of this extraordi- 


nary man may appear in its true light, it will be 
neceſſary to give you ſome account of the la— 
| bours 
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bours of thoſe, who, ſince the time of Coper- 

nicus, had been preparing the way, and laying 

the foundation for his diſcoveries and purſuits. 
And this information is the more neceſſary, as 
many perſons, who have but a ſlight acquaint- 
ance with the progreſs of aſtronomical learning, 
are apt to entertain very erroneous opinions 
upon the ſubject. As the labours of many, are 
attributed to one Hercules, ſo, by a like exag- 
geration, Sir Iſaac Newton is ſaid to. be the 
author of all the diſcoveries and improvements 
which have ever been made in this ſcience. But 
as his merit is too great to,ſtand in need of ſuch 
extravagant additions, it will be proper to diveſt 
him of this falſe glory, by aſcribing to him that 
only to which he has an undoubted claim. 

The firſt founder of modern aſtronomy was 
Kepler: and if it be the privilege of genius to 
change received ideas, and to announce truths 
which had never before been diſcovered, he may 
juſtly be conſidered as one of the greateſt men 
that had yet appeared in the world. Hippar- 
chus, Ptolemy, Tycho Brahe, and even Coper- 
nicus himſelf, were indebted for a great part 
of their knowledge to the Egyptians, Chal- 
deans, and Indians, who were their maſters in 
this ſcience : but Kepler, by his own talents and 
induſtry, has made diſcoveries, of which no 
traces are to be found in all the annals of an- 
tiquity. 1 | | 
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This philoſopher was born at Wiel, in the 
: province of Wirtemberg in Germany, on the 
27th of December, 1571, and was one of the 
moſt zealous partizans for the Copernican ſyſtem 
that had hitherto appeared. In 1596 he pub- 
liſhed a large work upon the proportions 
and dimenſions of the orbits of the planets, 
which coming into the hands of Tycho Brahe, 
he advited him to apply himſelt to obſervation, 
before he attempted to diſcover the laws of na- 
ture; and aſſured him, if he would do this, he 
would find more truth in his hypotheſis than in 
that of Copernicus. He perceived the genius of 
Kepler, and wiſhed for nothing more earneſtly 
than to have him for his diſciple. 

I ſhall not enter into a detail of the reaſons 
which are given by Kepler for arranging the 
planets according to the order of the five regular 
bodies, nor of the myſterious harmony which 
he finds between celeſtial and ſublunary things. 
He was a man of a warm imagination, which 
led him into many abſurdities; and it was the 
folly of that age, to mix ſacred things with 
thoſe which have not the leaſt connection with 
them. He tells us in his Myſterium Coſmogra- 
phicum, that he looked upon three grand 
things as deſerving his particular attention 
the firmament of the fixed ſtars, the fun, and 
the enormous interval which ſepaſates them; 
theſe appeared to him to be a ſymbolical re- 

preſentation 
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preſentation of the Trinity; and the ſpherical 
| figure of the univerſe, which comprehends the 


whole,. he conſidered as an image of the Supreme 
Being, whoſe immenſity envelops all things. 
Plato called God the eternal geometer; and 


Kepler, worthy to be the ſucceſſor of ſo great a 


- maſter, believed that certain properties of num- 


PF od 


bers and geometrical figures had a hidden 


| analogy to all the operations of nature. 


Beſides entertaining a number of chimerical 
ideas of this kind, he had alſo a ſecret attach- 
ment to aſtrology; and in his treatiſe De Stella 
Nova, has offered a very ſingular defence of this 
fallacious doctrine. He aflerts, that all the 
oreat events and revolutions of the world have 
an intimate connection with the conjunctions 


of the planets, and accounts for their influence 


by comparing it with the action of objects upon 
our ſenſes. The ſtars,” ſaid he, act upon 
terreſtrial things in the ſame manner as light 
acts upon the eye, ſound upon the ear, or heat 
and cold upon the ſenſe of feeling.“ From 
this explication, which has nothing to recom- 
mend it but its novelty, it is eaſy to perceive 

upon what foundation the dreams of — 


are ſupported. 


But from theſe abſurd reveries, which were 
moſtly the follies of his youth, he ſoon paſſed to 


. more worthy of his attention, His firſt 
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works were only the amuſements of . 
hours; but in contemplating his powers, he 
found himſelf deſtined for much greater things. 
e was led, by an invincible impulſe, to the ſtudy 
of philoſophy ; and 8 operation of nature ever 
attracted his notice, but he was immediately de- 
ſirous of ſcarching into its cauſe, and attempting 
its explication. His obſervations upon the na- 
ture oi refraction, parallax, and many other ſub- 
jects of. equal importance, are ſuſlicient proofs 
of his penetration and judgment; and from his 
uniting the ſcience of optics with that of aſtro- 
nomy, we may ir judge of his genius aud 
abilities. | 1 
In the true ſyſtem of the world, as 8 by 
Copernicus, the aſtronomer, having no longer a 
ſtationary ſituation upon our globe, is obliged to 
tranſport himſelf to the centre of the ſun, and to 
obſerve the celeſtial motions from a point which 
is only acceſlible by the imagination. It was 
irom this point that Kepler contemplated the 
ſpectacle of the heavens, and ſaw the fallacy of 
a doctrine, which all the aſtronomers before his 
time had conſidered as infallible. The apparent 
{mplicity of nature in all her operations, had ſe- 
duced them to imagine, that a.circular and uni- 
form motion of the heavenly bodies was a neceſ- 
ſary conſequence of this law. But this opinion, 
however reaſonable it might ſeem to others, ap- 
peared 
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peared to him as an idle conjecture; and from 
the obſervations of Tycho, and his own in- 


duſtry, he ſoon proved it to be erroneous and 
ill-founded. | 


That the oxbits of the planets were not circu- 


lar, might, indeed, have been eaſily conjectured 
from many circumſtances. Their conjunctions, 
oppolitions, and other mutual ſituations, not re- 
turning again in the ſame time; and their diſ- 
tances from the ſun appearing to be greater or 
leſs in different parts of their orbits, were ſuffi- 
cient indications of the fallacy of this doctrine. 


But ſo firmly were aſtronomers perſuaded that 


their motions muſt be circular, that they attri- 
buted theſe irregularities to an optical deluſion, 
and invented cycles and epicycles without num- 
ber, to account for every appearance. 

Kepler was the firſt who perceived, that all 


motion is naturally performed in a ſtraight line; 
and that when a body moves in a circle, or any 


other regular curve, it muſt be acted upon by 
two forces, one which ſets it in motion, and ano- 
ther which oppoſes this motion, and changes its 
direction. From theſe principles, and a number 


of calculations equally difficult and laborious, he 


proved, that the planets muſt revolve in elliptical 


orbits, the ſun being placed in one of the foci ; 


and that their velocities are ſuch, that a line 
drayn from the ſun to a planet, and ſuppoſed to 


move 
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move with it, will deſcribe equal areas in equal 
times. 6 


In order to illuſtrate this by a FOB let 


ADBC be an ellipſis, whoſe tranſverſe, or 


longeſt diameter, is A B, and its conjugate, or 
ſhorteſt diameter CD; then the two foci F f, 
are points ſo ſituated, that if right lines be 
drawn from them to any point G in the curve, 
the ſum of thoſe lines will always be equal to the 


tranſverſe diameter AB. And if the ſun be 


placed in the focus F, and a planet be ſuppoſed 
to revolve round him,in the curve BCAD, 
it will move in ſuch a manner, that a line 
drawn from it to the ſun, will- deſcribe equa! 
areas in equal times, That 1s, if the line FG, 
drawn from the ſun F to the planet G, deſcribes 
the area or ſpace BF G in a month, it will de- 
ſcribe an area G Fg equally large the next 
month; and fo on through its whole revolution. 
The diſtance between the centre of the ellipſe 
O, and one of its foci F, is called its eccentri- 
city; and the two extreme points A and B of 
the tranſverſe diameter, are called the apſides. 
It the focus about which the equal areas are de- 
A1cribed, be at F, the point A, neareſt that focus, 
is called the lower apſis, the point B the upper 
apſis, and the diameter AB the line of the ap- 
ſides. Whdn a planet, in revolving round the 
fun, is at its neareſt diſtance from him, as in A, 
| it 
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it is ſaid to be in its perihelion; and when at its 
furtheſt diſtance, or at B, it is ſaid to be in its 
aphelion, the mean diſtance being FC. In like 
manner, when the earth is in its perihelium, the 
ſun is ſaid to be in its perigee; and when the 
earth is in its aphelium, the ſun is ſaid to be in 
its apogee. | | 
But let us leave the further explanation of 
theſe terms for the preſent, and return again to 
Kepler. This excellent aſtronomer, having 
firmly eſtabliſhed the law before-mentioned, pro- 
ceeded to the conſideration of another, of no leſs 
importance. He had happily conceived, that 
there might probably be ſome proportion be- 
tween the times of the revolution of the planets, 
and their diſtances from the ſun ; and by proſe. 
cuting the enquiry, which this idea ſuggeſted, 
his ſucceſs was equal to his moſt ſanguine ex- 
pectations. By calculations founded on a ſeries 
of the moſt accurate obſervations, he diſcovered, 
that the ſquares of the times in which any two 
planets complete their revolutions in their orbits, 
are exactly proportional to the cubes of their 
mean diſtances from the ſun, 
Io illuſtrate this rule by an example: ven 
for inſtance, revolves round the ſun in 224 days, 
and the earth in 365; and the mean diſtance of 
the earth from the ſun is ninety- five millions of 
miles. Hence, according to Kepler, as the ſquare 
of 365 is to the * of 2 24, ſo is the cube of 
ninety- 
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ninety-five millions of miles, to a fourth number, 
which 1s the cube of Venus's mean diſtance from 
the ſun ; and if the cube root of this number be 
found, it will give about ſixty- eight millions of 


miles for her real mean diſtance; ſo that, by this 


rule, it the times of the periodical revolutions of 


the planets be known, and the mean diſtance of 
any one of them from the ſun, the mean diſtances 


of all the reſt may be determined by a ſimple 


proportion. And this rule is not only applicable 
to the planets, but it is alſo equally true with 


reſpect to their ſatellites or attendants; the 
moons of Jupiter and Saturn are found to follow 


the ſame law in revolving round their primarics, 


which is obſerved by tholc primaries in revolving 
round the ſun. 

Theſe are the diſcoverics by which Kepler en- 
riched the ſcience, and obtained an immortality 


of renown: but it mult be obſerved, that he who 


had ſubjected the planetary motions to invariable 
laws, was unable, with all his penetration, to find 


aut the reaſon of them. Nature had ſhown 


him ſome of her molt ſecret operations, but 
A more complete kaowledge of them was re: 
ſerved for Newton. Among a number of in- 
genious gueſſes which he has made upon this 
ſubject, there are ſome as novel as they are 
ingular. He conſiders the,ſtars and planets as 
the inhabitants of ether, which live and move in 
that Kement Uke butterflies in the air; or ag 
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plants and animals which ſpring from the boſom 
of the earth, to embelliſh it by their exiſtence, and 
afterwards render back, by death, the unn, 
that nouriſhed them. 
That ſuch extravagant dreams ſhould be found 
on the ſide of ſuch ſublime truths, is, as Mr. 
Voltaire obſerves, a matter not to be wondered 
at; a man may be a great genius with regard 
to calculations and experiments, and yet make 
\ Ja wrong uſe of his reaſon in other reſpects. 
© There are minds which ſtand in need of geometry 
to ſupport them, and fall when they endeavour 
to proceed of themſelves. It muſt be remem- 
bered, however, to the honour of Kepler, that 
his errors were ſuch as uſually attend a quick 
and vigorous conception; and that ſome of his 
conjectures were as grand and philoſophical, as 
others were whimfical and abſurd. 
His hypotheſis for aſcertaining the different 
denſities of the ſun and planets, according to 
I their diſtance from the center of motion, is an 
inſtance of his penetration and judgment which 
particularly deſerves to be mentioned. He con- 
ceived that the heavieſt bodies in our ſyſtem, 
- muſt be thoſe which are placed neareſt the ſun ; 
and as he was always deſirous of rendering his 
ideas 2 familiar as poſſible, he illuſtrates them 
by the following eaſy example. The denſity 
of Saturn may be compared to that of a dia- 
mond; Jupiter to a loadſtone; Mars to iron; 
- | | the 
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the Earth to ſilver; Venus to lead; Mercury to 
quickſilver; and the Sun to gold, which is the 
heavieſt of all ſubſtances we are yet acquainted 
with. Excepting the denſity of the ſun, this 
rule differs but little from the truth; and though 
it was founded upon falſe reaſoning, it was ne- 
vertheleſs a happy conjecture. The time was 


8 not yet come for philoſophers to weigh the 


celeſtial bodies, and to eſtimate with exactneſs 
their different denſities. IR: | 
This great man, whoſe whole life was ſo glo- 
riouſly employed in cultivating and improving 
the ſciences, had his laſt days embittered by all 
the horrors of poverty and diſtreſs. A ſmall 
penſion, which was ſcarcely ſufficient for his 
ſubſiſtence, was frequently withheld or unpaid ; 
and the trouble and vexation this occaſioned him 
Was ſo great, that it obſcured his genius, and 
ſoon put a period to his exiſtence. He died on the 
' 15th of November 1631, in the fifty-ninth year 
of his age, leaving nothing for his wife and 
children, but the glory of his name, and the 
fame which he had ſo juſtly acquired: but as theſe 
were inſufficient to relieve his own wants, they 
could afford but little comfort to a helpleſs 
' widow and her wretched offspring, whoſe indi- 
gence is ſaid to have been ſuch, that they had 
not even the common neceſſaries of life. 
Whilſt Kepler, in Germany, was tracing the 
orbits of the planets, and ſettling the laws of 


their 
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their motions, Galileo, in Italy, was meditating 
upon the doctrine of motion in general, and in- 
veſtigating its principles. This philoſopher was 
born at Piſa, in the year 1564, and began his 
improvements in mechanics, by baniſhing from 
the ſcience thoſe ridiculous diſtinctions which 
had been made by Ariſtotle and his followers, 
between bodies light and heavy, motions natu- 
ral and violent, rectilinear and circular. He 
ſhewed, both by demonſtration and experiment, 
that, in a ſpace void of air, all bodies whatever, 
fall through equal heights in equal times; and 


that a boy impelled by two forces, acting i in the 


direction of the ſides of a parallelogram, will 


follow the direction of neither, but proceed in 


the diagonal, and deſcribe it in the ſame time, 
as by the action of one of the forces alone it 
would have deſcribed one of the ſides. 


Ihbeſe principles he alſo found to be equally 
applicable to the motion of all kinds of pro- 


jectiles. A ball or ſhell being thrown from 
the mouth of a cannon, is under the in- 


fluence of two forces, which, by their joint 


action, regulate its motion, and determine its 
direction: one of theſe forces is that of the 
powder, by which it endeavours to move con- 


tinually forward in a ſtraight line; the other is 


that of its weight, which, inclines it to deſcend, 
and fall towards the ground; and from the com- 
poſition of theſe two forces, Galileo demonſtrated 

T | that 
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that the curve deſcribed by the ball would be 
that of a parabola. Tartalia had before re- 
marked, without aſſigning any good reaſon for 
his aſſertion, that a ball would be thrown to the 
greateſt diſtance, when the piece made an angle 
of forty-five degrees with the horizon; this rule 
was not only confirmed by Galileo, but extend- 
ed ſtill further, by his proving that at all angles 
equally diſtant from forty-five degrees, the range 
would be the fame. 

The next ſubject, which engaged hi attention, 
was the phænomenon of falling bodies, and the 
law of their acceleration. Every eee mind 
mult have obſerved that a ſtone, or any other 
heavy body, in falling from a certain height, ac- 
- quires a greater velocity the nearer it approathes 
the earth; but before the time of Galileo, no 
philoſopher had been able to aſcertain the exact 
proportion of its celerity, in the different inſtants 
of its deſcent. He was the firſt who determined 
that the velocities arc always proportional to the 
times; and the ſpaces paſſed through to the 
fquares of thoſe times: that is, in a double 
time, the body will have acquired a double ve- 
locity; in a triple time, a triple velocity, &c. 
and likewiſe, in a double time, the body will 
have run through a ſpace four times as great as 
in a fingle time; in a triple tune, through a 
ſpace nine times as great, and ſo on. 
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Galileo conſidered nature as the ſole agent 
of the Supreme Being; and that ſagacious ob- 
ſervance of her operations, which firſt led him 
to this uſeful diſcovery, was the means of con- 
ducting him to another of equal importance. 
Being with ſome company in a room, where a 
lamp was ſuſpended from the roof of the build- 
ing, this ſpectacle, which was unnoticed by the 
reſt of the ſpectators, afforded him a ſubject of the 
moſt profound meditation. He obſerved that 
all the vibrations of the lamp, whether great or 
ſmall, appeared to be performed in the ſame ſen- 
ſible time; and from this circumſtance, ſimple: 
as it may ſeem, he is ſaid to have diſcovered the 
iſochroniſm of the pendulum ; and that a long 
pendulum moves {lower -than a ſhort one, ac- 
cording to a certain invariable proportion : by 
which means he obtained a new inſtrument for 
meaſuring ſhort intervals of time with greater 
exactneſs than could be done by clocks, or any 
other method then in uſe. | 

About the time of theſe diſcoveries, which 
were afterwards ſo fruitful in the hands of Huy- 
gens and others, we may place the invention of 
the teleſcope; an inſtrument ſo ſingular in its 
nature, that before its actual conſtruction, the 
mind could not have conceived ſuch a con- 
trivance, or imagined it to be poſſible. A lucky 
incident is ſaid to have effected, what philoſophy 
might have ſought for in vain: the children of 
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one Zachariah Janſen, a ſpectacle· maker of Mid- 
dleburgh in Holland, being at play in their 
father's ſhop, happened, by chance, to place a 
convex and concave glaſs in fuch a manner, that 
in looking through them at the weather-cock of 
the church, it appeared to be nearer, and much 
larger than uſual. The ſurpriſe they expreſſed 
at this circumſtance, exciting their father's cu- 
rioſity, he examined the ſame object himſelf, 
and finding what the children ſaid to be true, 
improved the hint, by fixing the glaſſes upon a 
board, that they might be * ready for ob- 
ſervation. 
A diſcovery attended with fo many obvious 
advantages, could not long be kept a ſecret ; 
the news was ſoon conveyed to all the learned 
throughout Europe. Galileo was at Venice 
when he firſt heard of the invention; and being 
only informed, that by the combination of two 
glaſſes, the apparent magnitude of objects might 
be conſiderably augmented, he ſoon diſcovered 
the whole ſecret. Inſtead of the board employed 
by Janſen, he made uſe of a tube, and, at his firfl 
eſſay, produced an inſtrument which made the 
diameter of objects appear three times greater 
than to the naked eye. At his next trial he 
magnified the diameter of an object about eight 
times, and ſoon after this thirty times ; which 1s 
nearly the greateſt perfection, that this Und of 
teleſcope is capable of. | | 
| Thus 
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Thus was Galileo, and, by his means, the 
human ſpecies, in poſſeſſion of two new organs 
of power and perception ; one, for meaſuring 
{mall, and almoſt imperceptible portions of time, 

with eaſe and exactneſs; and the other, for ſub- 
| jecting thoſe things to our obſervation, which by 
their ſmallneſs or diſtance would otherwiſe have 


eſcaped the ſenſes. M. Montucla, who has ex- 


amined the ſubject with impartiality and judg- 
ment, has given the invention of the teleſcope to 
Janſen ; and, from the ſtrength of the evidence, 


it appears highly probable that he was the firſt 


who ſaw the effects that ſuch an inſtrument 
would produce, But if he be the real author 
of an invention, who, from a knowledge of the 
cauſe upon which it depends, deduces it from one 
principle to another, till he arrives at the end 
propoſed, the whole merit of the diſcovery is 
due to Galileo; the teleſcope in the hands of 
Janſen, was a rude inſtrument of mere curioſity, 
pointed out to him by chance; but Galileo was 
the firſt who conſtructed it upon principles of 
ſcience, and ſhewed the practical uſes to which 
it might be applied. 

The diſcoveries he made, by means of this in- 
ſtrument, were as new as they were ſurpriſing. 
The face of the moon appeared full of cavities 
and aſperities, reſembling vallies and moun- 
_ tains: the ſun, which had generally been con- 

{idered as a globe of pure fire, was obſerved to 
| FL be 
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be ſullied by a number of dark ſpots, which ap- 


peared upon different parts of its ſurface; a great 


number of new ſtars were diſcovered in every 
part of the heavens; the planet Jupiter was 
found to be attended with four moons, that 
moved round him in the ſame manner as our 
moon moves round the earth; the phaſes of 
Venus appeared like the monthly phaſes of the 
moon; and, in ſhort, every obſervation he made, 
furniſhed him with a new proof in favour of the 
Copernican ſyſtem, and ſerved to ſhew that there 
is not ſo great a difference between celeſtial and 
ſublunary nature, as the philoſophers of anti- 
quity had vainly imagined. | 


Galileo was now in the ſeventieth year of his 


age, and but for the perſecution of thoſe who 
ought to have cheriſhed and revered him, his 


life might have been as happy to himſelf as it 
was beneficial to mankind. In the midſt of his 


reſearches and diſcoveries, which he proſecuted 
with the greateſt aſſiduity, he was ſummoned 
before the tribunal of the inquiſition, as a man 
of the moſt obnoxious and dangerous princi- 
ples; and on the 22d of June, 1663, the fol- 


lowing arret was pronounced againſt him, by 
ſeven cardinals, who were appointed his judges. 
It is a curious ſpecimen of catholic infallibility; 


and as I am indebted for it to a member of that 
community, 1 ſhall' give it you in his own 
words, | | 
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« Soutenir qui le ſoleil immobile & fans 


mouvement local, occupe le centre du monde; 


eſt une propoſition abſurde, fauſſe en philoſo- 
phie, & heretique, puiſqu' elle eſt contraire au 
temoignage de Pecriture. Il eſt egalement ab- 


ſurde & faux en philoſophie de dire que la terre 


n'eſt point immobile au centre du monde; & 
cette propoſition conſideree theologiquement, 
eſt au moins erronnce dans la foi.” After 


this, the following abjuration was dictated to 


him, which he was obliged to ſign. © Moi 
Galilee, à la ſoixante-dixieme anne de mon 


age, conſtitue perſonnellement en juſtice, etant 


a genoux, & ayant devant les yeux les ſaints 


Cvangiles, que je touche de mes propres mains, 


d'un coeur & d'une foi ſinceres, j'abjure, je 


maudis & je dcteſte les . abſurdites, n he- 


réſies, &c. 

For a vencrable old 1 man, who had enlighten- 
ed Europe by his diſcoveries, to be ſeen upon his 
knees before an afſemÞty of haughty, ignorant 


bigots, renouncing, by their compulſion, thoſe 


truths which nature and his own conſcience 


- 


aflirmed to be incontrovertible, was a ſpectacle 


that cannot be thought of without indignation 
and abhorrence. Cardinal Bellarmin, one of his 


judges, had before threatened him with the 
vengeance of the church, it he ſhould preſume 
to propagate his heretical opinions any longer, 
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either by diſcourſe or writing; and as Galileo 


had not paid an implicit obedience to this man- 


date, he was now proceeded againſt as a de- 


ſpiſer of civil as well as ſacred authority, and 


was accordingly ſentenced to be confined in the 
priſon af the inquiſition, during the pleaſure of 
the inquiſitors. 

This ſentence, however, was afterwards 
changed into the milder one of being confined 


in the ſmall village of Acetri in Tuſcany during 


his life. Here he purſued his ſtudies with as 


much avidity as ever, and made ſeveral new 


diſcoveries and improvements in his favourite 
ſcience; but ſoon after this, whilſt he was en- 
gaged in his obſcrvations upon the libration of 
the moon, he was ſuddenly deprived of his 
ſight, and the heavens being now ſhut upon 
him, the book of nature was no longer ſubject 
to his inſpection. His age advancing, and his 
infirmities increaſing, the grave at length re- 
ceived him from his perſecutors ; he was buried 
in the tomb of his anceſtors ; his diſciples, who 
loved him in his life, honoured him in death ; 
and his name was tranſmitted to polterity with 
the fame he had ſo juſtly acquired. 

The celebrated geometer Viviani, who had 
been one of his moſt favourite pupils, ſhewed a 


zeal for the glory of this great man, that is 


without an example; the moſt tender and duti- 
| ful 
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ful child could not have a greater affection for 
his parent than he had for his illuſtrious maſter. 
He conſidered it as the pride of his life that he 
had been one of his laſt diſciples; and when 
Lewis the XIVth gave him a penſion, and ap- 
pointed him one of the foreign aſſociates of the 
Academy of Sciences at Paris, he built a houſe 
at Florence, and, after paying a tribute of gra- 
titude to the French monarch, erected a magni- 
ficent monument to his beloved maſter Galileo. 
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N all ages of the world, mankind in general 
have been nearly the ſame: the powers of 
the mind are various; but there are certain pre- 
ſcribed bounds which it is the lot-of but few to 
paſs. The multitude were certainly deſigned 
for manual labour and induſtry, and their 
minds are, by cuſtom, made conformable to their 
employments. Intent upon the common con- 
cerns and buſineſs of life, they have but little” 
leiſure, and leſs inclination, for mental im- 
provement. This is the wiſe deſignation of Pro- 
vidence. The carth muſt be cultivated to ſup- 
port its inhabitants; a general refinement would 
be as prejudicial as a general barbarity. 
Humanity, however, has higher privileges. 
Arts and ſciences, legiſlation and morals, are 
abſolutely neceflary to the due regulation and 
order of civil ſociety. And that a knowledge of 
them may be properly diftributed, the Author of 
Nature has, at different times, raifed up ſome 
| great 
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great and illuſtrious genius to enlighten and in- 

ſtruct us. In religion, our moſt momentous 
concern, he has condeſcended to give us a divine 
guide; and in every art and ſcience, we have had 
preceptors of eminence proportionate to the im- 
portance of the ſubject. Every thing bears the 
marks of omniſcience: wherever we turn our 
eyes, we perceive a preſiding intelligence, that 
informs and regulates the whole. 

Io enumerate the moſt ſhining characters of 
ancient and modern times, and to ſhew the diſ- 
criminating excellence and utility of the ſeveral 
purſuits in which they were engaged, would be 
2 matter of much difficulty, and foreign to our 
purpoſe. The ſubject upon which we are, at 
preſent, to employ our attention, is phyſical 
aſtronomy; and we are now to conſider the ge- 
nius and doctrines of a man, who, in his philo- 
ſophical character, appears to have been endowed 
with ſuperior faculties, in order. to diſſipate the 
miſts of ignorance and error, and to lead us to 
a knowledge of thoſe truths, which the wiſdom 

of ages had been unable to diſcover. 

The perſon to whom we owe theſe obliga- 
tions, is Sir Iſaac Newton, who was born at 
Wolſtrop in Lincolnſhire, on Chriſtmas-day 1642. 

His father was the reduced deſcendant of a 
noble family; but the genius of his ſon eclipſed 
all the ſplendor of hereditary titles and honours. 
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Of his juvenile ſtudies we have but little know- 
ledge, none of his firſt attempts, or eſſays, having 
ever appeared. He ſeems to have' been an in- 
ventor rather than a ſtudent; and to have 
entered at once into the. depths of ſcience, 
without attending to the uſual gradations. 
It was on this account that Mr. Fontenelle 
applied to him the following idea of the 
ancients, concerning the unknown ſource of the 


majeſtical river that fertiles Egypt: Il n'a pas 


&te permis aux hommes de voir le Nil . et 
naiſſant. 

Every ſcience upon which this great man em- 
ployed his attention, received a new form from 
his hands, and was carried to a degree of per- 
fection unlooked for by the ancients. In the 
courſe of a few years he had deſtroyed the 
works of ages, and erected an edifice of his 


own, which will be is durable as the fabric of 


nature itſelf. Algebra, geometry, mechanics, 
optics, chronology, philoſophy, and aſtronomy, 
began now to aſſume an unuſual ſplendor and 
dignity ; and by, his improvements and diſco- 
veries, were rendered prodigiouſly more exten- 
five and important. The method of Fluxions, 
in particular, was entirely his own invention; 


ich alone was ſufficient to have rendered his 


name immortal. The exquilite ſubtilty of this 
doctrine is ſuch, that the powers of the human 
mind 


\ 
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mind ſeem inadequate to a higher purſuit, Any 
thing beyond it, muſt be the ſcience of pure 
intelligence. 
From a genius like this, what had we not 
to expect? His account of the univerſe, and 
the laws by which it is regulated, is founded 
upon the molt indubitable principles of reaſon, 
ſcience, and obſervation. We are no longer com- 
pelled to wander through the intricate mazes of 
hypotheſis and conjecture. Nature appears again 
in all her primitive ſimplicity. Newton has diſ- 
ſolved the chaos, and ſeparated the light from 
the darkneſs. His inimitable work, The Ma- 
thematical Principles of Natural Philoſophy, 
contains the true aſtronomical faith; and thoſe 
who reject its doctrines are the work of heretics, 
as they ſhut their eyes againit the cleareſt of all 
light, Demonſtration. 

To give a perſpicuous and methodical account 
of all his inveſtigations and diſcoveries, would 
be a work of great difficulty, and what, from 
the incompetency of your preſent acquirements, 
could afford you but little inſtruction. Con- 
fining myſelf, therefore, to thoſe which are the 
moſt familiar and intereſting, I ſhall begin with 
his ſpeculations upon gravity and attraction, and 
relate from the authority of his commentator 
and friend, Dr. Pemberton, the ſimple incident 
which is faid to have given birth to them. 


About 


of 
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About the year 1666, or the twenty-fourth 
year of his age, he retired from Cambridge 
into the country, in order to avoid the plague, 
which, at that time, raged with great violence; 
and ſitting one day in an orckint; under a tree, 
an "Hy by chance, falling upon his head, 
cauſed him to enter into a number of reflections. 
The phænomena of falling bodies particularly 
engaged his attention; and purſuing the ideas 
which preſented themſelves to his mind, he car- 
ried his reſearches from the carth to the heavens, 
and began to inveſtigate the nature of motion 
in general. Becauſe there is motion, ſaid he, 
there muſt be a force which produces it; but 
what is this force? That a body, when left to 
itſelf, will fall to the ground, is known to the 
moſt illiterate ; but if you aſk them the reaſon 
of its doing ſo, they will think you either a fool 
or a madman : the circumſtance is too common 
to excite their admiration, although philoſophers 
are ſo much embarraſſed with it, that they find 
it almoſt inexplicable. 

Let us follow Newton, and examine this queſ- 
tion a little. Does the cauſe of weight or gra- 
vity exiſt in the bodies themſelves, or out of 


them? It ſeems natural to conclude, that the 
propenſity which all ſuſpended bodies have of 


falling to the earth, exiſts in the bodies them- 
ſelves. When 1 take a ſtone, and let it drop 
from my hand, it falls immediately to the 

| ground; 
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ground; and would fall ſtill farther, if there was 
a hole in the earth, and nothing hindered its 
paſſage. - And the ſame thing happens to all 
other bodies, with which we are acquainted : 
there is no material ſubſtance, either great or 
| ſmall, but what will fall towards the earth the 
moment it is diſengaged, and free from all out- 
ward impediments. 

In like manner it may be obſerved, that when 
a ſtone or any other body is placed upon a table, 
it preſſes the table with the ſame force, by which 
it would, if left to itſelf, fall to the ground. 
And when a body is ſuſpended at the end of a 
ſtring, the force that puſhes it downwards 
ſtretches the ſtring, and if it is not ſufficiently 
ſtrong, will break it. From which circum- 
ſtances it plainly appears, that all bodies preſs 
with a certain force againſt thoſe obſtacles which 
ſupport and hinder them from falling; and that 
the degree of force, in either caſe, is preciſely 
the ſame with that, which in a free ſpace would 
bring them to the ground. 

The cauſe of this propenſity in all bodies to 
fall to the earth, be it what it may, is called gra- 
vitation or attxaction ; and when a ſubſtance is 
ſaid to be heavy, nothing more is meant than 
the tendency it has to fall to the ground; or the 
force by which it preſſes upon any other body 
that ſupports it. The weight and gravity of a 
body may, therefore, be taken tor the ſame 

thing; 
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thing; as both the one and the other cxpentive 


the force by which the body is impelled towards 


the earth, whether this force exiſts in the body 
itſelf, or out of it. 
With this property of bodies, obvious as it is, 


the ancients were very impertectly acquainted. 
They believed that there were ſubſtances, ſuch 


as vapours and ſmoke, that by their nature were 


light, and would for that reaſon aſcend. This 


notion, however, as well as that of abſolute 
levity in general, is now known to be a miſtake, 
and without the. leaſt foundation: for in an ex- 
hauſted receiver, or a ſpace void of air, all 
bodies whatever, ſmoke or a ſtone, a guinea or 
a feather, fall to the bottom in the ſame time. 
The diſtinction, therefore, between bodies light 


and heavy, is merely relative, as they have all a 


like propenſity to fall to the earth, and their 
nature is the ſame. 

Neither can there be the leaſt doubt but that 
gravity is a ſort of force : for whatever is 


capable of putting a body in motion is properly | 
ſo called. But in all forces, there are two things 


particularly to be conſidered ; the direction in 
which they act, and their intenſity, or power. 


With reſpect to the direction of gravity, we are 


ſufficiently aſſured, both by reaſon and expe- 
rience, that a body, in falling, moves towards the 
center of the earth; or, which is the ſame 


| thing, in a —__ line that is perpendicular to 
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its ſurface. The intenſity, or power of gravity, 


is alſo to be determined from the weight of the 
body under conſideration; thoſe which are the 
heavieſt, or weigh the moſt, being always ob- 
ſerved to deſcend with the greateſt force; and 
thoſe that weigh the leaſt, with the leaſt force: 
ſo that the weight of every body may always be 
conſidered as the juſt meaſure of its gravity, or 
the force by which it is made to fall towards 


the earth. 5 


It may be aſked, if the ſame body, being 
conveyed to different places upon the earth's 
ſurface, will always have the ſame weight? 
Thoſe who have ſuperficially conſidered the ſub- 
je, will certainly imagine this to be the caſe; 
but by numberleſs experiments, the truth of 
which cannot be doubted, it is eaſy to prove 


"the contrary. The weight of a body under the 


Equator is leſs than at either of the Poles; and 
in every other ſituation, it varies in a certain 
proportion to the latitude of the place. This 
difference, however, 1s not to be diſcovered by 
means of a balance, or the ſcales which are 


uſually employed upon theſe occaſions; becauſe 
the weight, againſt which the body is oppoſed, 


is ſubject to the ſame variation. The method 
by which it has been determined, is by obſerva- 
tions made on the vibrations of pendulums of 
equal lengths, which are found to move ſwifter 


at London or Paris, than under the Equator. 


3 - Theſe 
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Theſe are but the firit links in the chain of 
Newton's ideas: let us follow him a little fur- 
ther. —The carth is a globe, and gravity acts 
14 perpetually in ſtraight lines which are perpen- 
BA I dicular to its ſurface. Suppoſe a hole could be 
i | | bored through it, and that a body was placed at 
if the center, what would be its weight? Evidently 
1 46 nothing: it would remain in the fituation in 

1 which it was placed, unſuſpended and unſup- 

| ported. The force of gravity being always di- 

| | rected towards the center, it could have no 

| The | propenſity to move either way, and would, there- 
fore, have no weight. For the ſame reaſon, if a 

body was thrown into this hole from the earth's 

ſurface, the velocity acquired, by the repeated 

impulſes of gravity during the_time of its fall, 

would carry it to the oppolite extremity of the 

orifice, from whence it would again return, and 

continue to move backwards and forwards for 

i"; 8 ever, if the medium had no reſiſtance. 

BHS, i Since, therefore, a body, when placed at the | 

center of the carth has no weight, we ſhould be 
led to conclude from analogy, that, in deſcend- 
ing towards the center, its weight muſt be ſuc- 
ceſſively diminiſhed ; for it is not eaſy to con- J 
ceive, that the gravity of a heavy body can 3 
change immediately from a certain fixed quan- 
tity to nothing. And this doctrine, notwith- 
ſtanding the impoſſibility of ſubmitting it to 
the teſt of experiment, is not only reaſonable 
5 in 
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in itſelf, but it admits of the moſt rigorous de- 
monſtration. Newton, by means of his geo- 
metry, has aſcertained this gradual diminution 
of weight, and calculated its preciſe propor- 
tion; which, at all diſtances below the ſurface 
of the earth, he found to be proportional to ms 
diſtance from the center, 


Having thus examined the internal receſſes of 
the earth, let us now extend our reſearches to 


the heavens; and we ſhall have equal reaſon to 
conclude, that a certain diminution of gravity, 
muſt likewiſe follow at different heights above 
the earth's ſurface. For ſince this power acts 
in ſtraight lines, which conſtantly diverge, or 
become wider apart, the further they are pro- 
duced from the center, it is plain that the 


action of gravity muſt be weaker upon the ſame. 


body at a greater diſtance than at a ſmaller, on 
account of the power being more diffuſed. 
This, however, is only a popular illuſtration; but 
the truth of it has been fully confirmed by New- 
ton, who has demonſtrated that the gravity of 
bodies, above the earth's ſurface, continually di- 
miniſhes as the ſquares of their diſtances from 


the center increaſe : or, which is the ſame thing, 
that the forces are as 4 to 1, when the diſtances 


from the center are as 1 to 2; as 9 to 1, when 
the diſtances are as 1 to 3; and fo on. 


From this account, you will readily perceive 


that gravity 1s a certain force, which acts upon 


3 al! 
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all bodics, and gives them a tendency to fall 
towards the center of the earth: and that this 
force, whatever it may be, acts molt ſtrangly 
upon the earth's ſurface ; being ſubject, either 
in aſcending or deſcending, to continual dimi- 
nation. How then does it appear, that gravity, 
or weight, is an inherent and neceſſary property 
of body? It increaſes or diminiſhes perpetually 
according to a certain proportion of the diſtance 
from the center; but what is permanent and 
eſſential admits not of ſuch different and various 
mutations. You ſee then that weight is not ſo 
neceſſarily connected with matter, as, from a 
flight conlideration of the ſubject, you would 
naturally imagine. | 
Theſe were probably Newton's firſt refletions 
upon the nature of falling bodies. We mall now 
{ee what uſe he made of them, in applying them 
to the celeſtial motions... He ſoon perceived that 
the force of gravity was not confined to the 
{urface.of our globe, being found to act alike at 
the bottom of the loweſt vallies, and at the tops 
of the higheſt mountains. Perhaps, ſaid he, it 
extends as far as the moon, and 1s the means of 
retaining her in her orbit. The conjecture was 
happy; and, by the following application of it, 
he was preſently enabled to prove its validity. 
Imagine the moon, at the firſt moment of 
its creation, to have been projected forwards, 
with a cer tain velocity, in a ſraight- lined direc- 
| tion; 
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tion; then, as ſoon as it began to move, gravity 
would act upon it, and impel it towards the 
center of the earth. But as a body impelled 
by two forces will follow the direction of neither, 


the moon, ſo circumſtanced, would neither pro- 
ceed directly forwards, nor fall directly down- 


wards, but keep a middle courſe, and move 
round the earth in a curvilinear orbit. 

This idea will be more fully illuſtrated, by 
attending to the motion of a ſhell, or any other 
projectile. A ball ſhot out of the mouth of a 
cannon, in an horizontal direction, does not fall 
to the ground till it has proceeded to à con- 
ſiderable diſtance; and if it be diſcharged 
from the top of a high mountain, it will fly ſtill 


farther before it comes to the earth. Increaſe 


the force, and the diſtance will be augmented 
accordingly. And thus, in imagination, at leaſt, 
we can ſuppoſe the ball to be diſcharged with 
ſuch a velocity, that it will never come to the 
ground, but return again to the place from 
hence it ſet out; and ſo proceed on again, and 
circulate continually round the earth, in the 


manner of a little moon. 


Newton did not ſtop here: he began to 


generaliſe the problem, and by means of his 
mathematics, ſoon came to this important 


concluſion. A body which moves in a curve, 
round a fixed point, by virtue of a force directed 
to that point, deſcribes equal areas in equal 


I 2 times, | 
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times. This is a law of nature which had bc- 
fore been diſcovered by Kepler from obſervation. 
The ſuppoſition, therefore, that the moon is 
under the influence of ſuch a force, is confirmed 
both by ſcience and experience; and every im- 
provement which has ſince been made in the 
theory of her motion, has been derived from 
theſe principles. | 
It was before diſcovered by Galileo, that 2 
body projected through tlie air, with any force 
whatever, would deſcribe a curve which is called 
2 Parabola, if the medium had no reſiſtance. 
But Newton, whole genius ſoared above pctty 
diſtinctions, extended this problem and made it 
more general. He no longer conſidered the 
falling body as having a limited diſtance ; but 
regarding only the attraction of the earth, and 
the lateral uniform velocity of the projectile, he 
proved that it would -move round the earth in 
an elliptical orbit, having the center of the earth 
for one of its foci. The falling body, in this 
example, may be conſidered as a moon, moving 
round the earth, or as one of the ſatellites of 
Jupiter or Saturn, moving round thoſe planets; 
the circumſtances, in either caſe, being exactly 

the ſame, | 
That the moon 1s actualy under the influince h 
of gravity, and moves by means of that force, 
may be ſhewn as follows : Sir Iſaac Newton has 
demonſtrated, that if the moon was deprived of 
1 Ke 
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the impuſe by which ſhe has a tendency to move 
in a right line from weſt to caſt, and the central 
force only remained, ſhe would fall towards our 
globe, and deſcribe fifteen Paris feet in the firſt 
minute of her deſcent. And as the mean dii- 
tance of the moon from the earth is ſixty of the 
earth's ſemi-diameters, and the force of gravity 
increaſes in proportion as the ſquares of the 


diſtances from the center decreaſe, - the gravity 


of the moon, near the ſurface of the earth, 


would, therefore, be the ſquare of 60, or 3600 


times greater than at her preſent mean diſtance; 
ſo that, in this ſituation, ſhe would deſcribe 

| 3600 times fifteen feet in a minute. 
Now, as it was demonſtrated by Galileo, that 
falling bodies move through ſpaces which are 
proportional to the ſquares of the times in which 
they are deſcribed, it follows, that the moon, 
which, at a ſmall diſtance from the earth, would 
have deſcribed 3600 times fifteen feet in one 


minute, muſt have deſcribed fifteen feet in the 


Grſt ſixtieth part of that minute, or in the firſt 
ſecond. And as we know hKkewiſe, from ex- 


periment, that all heavy bodies, near the earth's 
ſurface, fall fifteen Paris feet in the firſt ſecond 


of their deſcent, it is plain that they muſt be 


acted upon by gravity in the ſame manner as the 
moon, and that both of them are governed by 


the fame laws; for ſo exact a conformity, or 


13 rather 
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rather ſuch a perfect identity of effects, can only 
ariſe from an identity of cauſes. 

Theſe diſcoveries are, like the genius of their 
author, univerſal; but before we proceed any 
farther, it will be proper to enquire a little into 
the nature of gravitation in general, that power- 
ful agent, which produces ſo many aſtoniſhing 
effects. It has been ſhewn, that by the action 
of this inviſible power, a ſtone is made to fall to 
the ground, the moon circulates about the earth, 
and the ſatellites of Jupiter and Saturn round 
the bodies of thoſe planets, The Newtonian 
doctrine, which N the truth of theſe laws 
from mathematical principles, is called the 
Syſtem of Univerſal Gravitation, or Attraction. 
But what is this occult principle of fympathy 
and union, which gives life and motion to inani- 
mate beings, and how does it act? The effects 
are viſible, but the agent that produces them is 
hid from our fenfes. It eluded the ſearch: of 
Newton himſelf; he that ſoared to the utmoſt 
regions of ſpace, and looked through nature 
with the eye of an cagle, was unable to diſ- 
cover it. | 

Thar there is, however, ſuch a principle, is 
not to be doubted. To deny its exiſtence, 
would be to deny the truth of facts, eſtabliſhed 
both by experiment and demonſtration. That 
two diſtant bodies will approach towards each 

other, 
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other, without any viſible agent, either drawing 
or impelling them, may be made manifeſt by 
various inſtances. The loadſtone and a piece 
of iron mutually attract each other; two cork 
balls, ſwimming in water, approach together 
and meet; and, in electricity, we have num 
berleſs experiments to ſhew, that ſeveral other 
bodies have the like propenſity to unite and ad- 
here to each other. "Theſe bodics, it is true, ac 
by particular laws, different from that of gra- 
vity ; but they ſerve ſufficiently well to illuſtrate 
the nature of that principle. 

But leſt theſe inſtances ſhould be thought i in- 
- Jufficient, it may not be amiſs to mention a few 
others, which, independent of mathematical 
demonſtrations, go near to ſhew the univerſality 


of this property. Let a circular piece of ice, 


of two inches and a half in diameter, be weighed 
againſt any other ſubſtance by means of a ba- 
lance, till they are exactly in equilibrio : under 
theſe circumſtances, let the ice be brought to 
touch the ſurface of ſome mercury, contained in 
a baſon below; the ice will be ſo ſtrongly at- 
tracted by the mercury, that it will require nine 
penny weights eighteen grains, to be put into, 
the oppoſite ſcale, in order to reſtore the balance. 
And this adheſion cannot be owing to the preſ- 
ſure of the air, for the effect is exactly the ſame 
when the experiment is performed in vacuo. 


14 ns One 
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One experiment more, will give you a firm 
reliance on the truth of this doctrine. The 
French mathematicians, who were employed in 
meaſuring the circumference of the earth, 
obſerved that a large mountain in South Ame- 
rica had a ſenſible effect upon the plumb line of 
their inſtruments : but as this was a bulineſs fo- 
reign to that in which they were engaged, they 
neglected to make the obſervations which were 
neceſſary to cſtabliſh its validity. The Royal 

Society, however, from this and other conſide- 
" rations, were induced to proſecute the enquiry, 
And Dr. Maſkelyne, the aſtronomer-royal, who 


Was employed by them for this purpoſe, has 


furniſhed us with a ſeries of obſervations, 
made on the mountain Schehallien in Scot- 
land, from which it appears that, by the force 
of its attraction, the plumb line was drawn out 
ol its vertical direction about ſix ſeconds of a 
degree. 

This inſtance is ſuflicient to ſhow that all 
bodies whatever attract and are attracted ; and 
it has been farther proved, by Newton, that 
their mutual actions upon each other, are in 
exact proportion to the quantity of matter they 
contain. As the ſun, therefore, is the largeſt body 
in our ſyſtem, he may be conſidered as the em- 
peror of the world, and the earth, planets, and 
comets, as his ſabjects : by virtue of his power 
they move round him in their ſeveral orbits, 

| — and 
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« and from his lordly eye keep diſtance due, 
aloof amid the vulgar conſtellations thick.“ 
Among the planets, alſo, there are ſeveral orders 
of nobility. The Earth, Jupiter, and Saturn, 
are the lords of their daminions, and have the 
ſatellites or moons for their attendants. They 
each move round their maſter, in obedience ta . 
his will, and are ſubject to the laws he impoſes 
on them. Thus celeſtial and ſublunary nature 
are the fame ; order and regularity reſult from 
ſeeming contuſion, and ſubordination and de- 
pendance are tq be ſeen in * part of the 
univerſe. 

This ufrious Narbe had made his diſ- 
coveries in geometry, and laid the foundation 
of his two celebrated performances, the Prin- 
cipia and the Optics, when he was only twenty- 
four years of age; which is a circumſtance no 
leſs extraordinary than the diſcoveries them- 
ſelves; and ſerves to countenance the idea of 
Mr. Fontenelle, who obſerves, upon this occa- 
ſion, that if intelligent beings, of an order ſupe- 
rior to man, make a progreſs in knowledge by 
certain gradations, they probably fly whilſt we 
creep, and paſs over, without notice, many of 
the intermediate ſteps, which the confined limits 
of the human mind render abſolutely . 
to our advancement. | 
When we conlider, an this ingenious 
writer, that, according to the doctrine of New- 
ton, 
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ton, every ſingle ſatellite of Saturn muſt gravi- 
tate towards the other four; the other four 
towards the fifth; all the five towards Saturn; 
and Saturn and all of them towards the ſun, 
according to a particular law: what an immenſe 
{kill in geometry muſt have been requiſite to 
unravel the intricacies of ſo many different rela- 
tions. It was a daring attempt to undertake it; 
and one cannot perceive, without amazement, 
that from ſo abſtracted a theory, formed of ſo 
many particular theories, and each of them per- 
plexed with innumerable difficulties, concluſions 
ſhould always ariſe exactly conformable to fact 
and experience.” Theſe are, certainly, ſuch in- 
ſtances of genius and penctration, that, when 
taken in their fulleſt extent, the idea of the poet 
will ſcarcely be thought too extravagant. | 
Nature and Nature's laws lay hid in night, 


God faid, let Newton be, and all was light. 
” For, 
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LETTER vt 


Or THE NATURE or THE T1DES. 


N my laſt letter I have unfolded to you the 
grand principle of attraction, and the manner 

in which it operates. We have ſeen the genius 
of Newton in the heavens, and travelled with 
him to the ſun and the planets. Let us now de- 
ſcend, and follow him into the world of waters, 
through the depths of the ocean. By what 
power or cauſe is it, that this vaſt liquid body 
riſes and falls alternately, twice a day, in a man- 
ner ſo conſtant and regular. The ancients con- 
ſidered it as one of the greateſt myſteries in 
nature, and were utterly at a loſs to account 
for it. | | 

Ariſtotle, the great oracle of antiquity, is re- 
preſented as having thrown himſelf into the ſea, 
becauſe he was unable to explain its motions z 
and when he was in India, with Alexander the 
Great, it is ſaid that he wanted to follow the 
ride in its reflux, to ſee where it would go. 
The ſtory 1s ſufficiently abſurd; but not more 
ſo than the following one related of Kepler. He, 
in one of his reveries, conſidered the earth as a 
living being, and thought the flux and reflux 

nw | ww 
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of the ſea was the effect of its reſpiration : men, 
and other creatures, he conceived to be inſects 
which feed upon this animal; buſhes and trees 
the briſtles on his back; and the water of ſeas 
and rivers a liquid which circulates in his veins, 

Galileo, Deſcartes, and even Kepler, have, 
however, expreſſed themſelves more philoſophi- 


cally upon this ſubject; but the firſt who clearly 


pointed out the cauſe of the phænomenon, and 
ſhewed its agreement with the effects, was New- 
ton. Toa genius like his, enterpriſe and diſco- 
very were racreation. The moon he preſently 
ſaw was the ae. agent which produces theſe 
motions; and, by applying his new principles of 


geometry and attraction, he ſoon ſhewed the 


manner in which they are effected. To follow 


him through all his calculations and enquiries, 
would be to perplex the ſubject inſtead of eluci- 


dating it. Not to inſiſt, therefore, upon abſtruſe 
inveſtigations, which are intelligible only to ma- 
thematicians and philoſophers, I thall begin by 
deſcribing the moſt obvious facts, and afterwards 
ſhew their conformity with the theory he has 
cſtabliſhed. - 

The ocean, it is well known, covers more than 
one half of the globe; and this large body of 
water, is found to be in continual motion, 
ebbing and flowing alternately, without the 
leaſt intermiſſion. What connection theſe mo- 
tions have with the moon, we ſhall ſec as 

we 


ET. VIII, OF THE NATURE OF THF TIDES. 125 


we proceed but, at preſent, it will be ſufficient 
to obſerve that they always follow a certain gene- 
ral rule. For inſtance, if the tide be now at 
high-water-mark, in.any port, or harbour, which 
lies open to the ocean, it will preſently ſubſide, 
and flow regularly back, for about ſix hours, 
when it will be found at low-water-mark. After 
this, it will again gradually advance for fix 


hours, and then return back, in the ſame time, 


to its former ſituation ;- riſing and falling alter- 
nately, twice a day, or in the ſpace of about 
twenty · four hours. 

„nen deten in M reflux, is, 
however, not preciſely fix hours, but about 
eleven minutes more; ſo that the time of high 
water does not always happen at the ſame hour, 
but is about three quarters of an hour later 
every day, for thirty days, when it again recurs 
as before. For example, if it be high water to 
day at noon, it will be low water at eleven mi- 
nutes after ſix in the evening, and, conſequently, 
after two changes more, the time of high water 
the next day, will be at about three quarters of 
an hour after noon; the day following it will 
be at about half an hour after one; the day after 
that at a quarter paſt two; and ſo on for thirty 
days; when it will again be found to be high 
water at noon, the ſame as on the day the ob- 
ſervation was firſt made. And this exactly an- 
{wers to the motion of the moon; ſhe riſes 


every | 
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every day about three quarters of an hour later 


than upon the preceding one; and, by moving 
in this manner round the earth, completes her 
revolution in about thirty days, and then begins 
to riſe again at the ſame time as before. 

To make the matter ſtill plainer ; ſuppoſe, at 


a certain place, it is high water at three o'clock. 


in the afternoon, upon the day of the new moon; 
the following day it will be high water at three 


quarters of an hour after three; the day after 
that at half an hour paſt four; and ſo on, till the 


next new moon; when it will again be high 
water exactly at three o'clock, the ſame as be- 


Fore. And by obſerving the tides continually, 


at the ſame place, they will always be found to 
follow the ſame rule: the time of high water, 
upon the day of every new moon, being ex- 
actly at the ſame hour; and three quarters of 
an hour later every ſucceeding day. 

Such a perfect harmony of motions, as is here 
pointed out, could not poſſibly ariſe from the 
mere. concurrence of fortuitous cauſes, or the 
uncertain operations of blind chance, as many 
ſceptical philoſophers affect to believe. On the 
contrary, they are in ſuch exact conformity with 


the motion of the moon, that, independent of 
all mathematical conſiderations, we ſhould cer- 


tainly be induced to look to her as their cauſe. 
Neglecting, therefore, tor the preſent, all ſuch 
exceptions as affect not the truth of the theory, 

we 
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we will now procced to ſhew, from Newtonian 
principles, that theſe phænomena are occaſioned 
principally by the moon's attraction. 

For this purpoſe, let M repreſent the moon, 
O the center of the earth, and A, B, C, &c. 


different points upon its ſurface; and for the Pt- HI. 
. . fig. go 
ſake of perſpicuity, let us ſuppoſe the earth to 


be entirely covered by the ocean. Then, be- 
cauſe it is the property of a fluid, for its parts 


to yield, and obey any force impreſſed upon 


them, it is clear that the moon M, acting upon 
the ſurface of the ſea, at the points A, B, C, &c. 
will agitate the waters in thoſe parts, and draw 


them towards her, by her attractive power. 


But the point A being nearer to the moon than 


the point C, the attraction at A will be greater 


than at C; and becauſe the points Band D are at 


equal diſtances from the moon, the attraction 


at thoſe points will alſo be equal; and ſo, at 


any other intermediate points, the attractive 


force will be different, according to their dif- 
ferent diſtances from the moon. | 

From this example, then, it is ſufficiently evi- 
dent, that the attractive force of the moon, act- 


ing unequally upon different parts of the ocean, 


muſt occaſion it to aſſume a different figure from 
what it would otherwiſe have, if there were no 


ſuch unequal attractions. And ſince this attrac- 
tive force is greateſt on the part of the ocean 


which lies nec under the moon, the 
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waters will of courſe flow conſtantly to that part, 

and be elevated or depreſled, at different places, 

according as her ſituation changes with reſpe& 

to thoſe places. But as the earth turns round 

on its axis, from the moon to the moon again, 

in about twenty-four hours and three quarters, 

the flux and reflux will be neceſſarily retarded, 

from day to day, about three quarters of an 

hour, which is agreeable to experience, and 

what we have before mentioned. 
So far it muſt appear perfectly clear, that the 

tides are occaſioned by the attractive force of Z 

the moon: but a circumſtance the moſt ſingular, 

and difficult to conceive, remains yet to be ex- 

plained : which is, that they ebb and flow twice 

a day, or in the ſpace of about twenty-four 

hours. When the mw pale the meridian of 

any place, or is at her greateſt height above 

the horizon of that place, ſhe will evidently at- 

tract and elevate the waters which he immedi- 

ately under her: but what is the reaſon, that 

twelve hours afterwards, when ſhe paſſes the 

meridian below the horizon, the waters, at the 

ſame place, are then alſo elevated? We know 

from experience, that, whether the moon be in 

the zenith or nadir, the phenomenon is nearly 

the ſame; it being high water with us exactly 

at the ſame time that it is high water with our 

antipodes. | | 
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This circumſtance ſeemed, at firſt, ſo oppolite . 
to the nature of attraction; that ſome philoſo- 


phers, who did not examine it with proper at- 


tention, thought it a ſufficient refutation of that 
doctrine: but the edifice of Newton is built 


upon a rock, and is not to be ſhaken by every 
idle wind that blows. It was ingenuouſly ob- 
ſerved, upon a itmilar occaſion, by his polite 
and candid opponent, the accompliſhed Marquis 
de Polignac, that what this great man aſſerts to 
be a fact muſt not be haſtily rejected; and I 
ſhall now ſhew you the neceſſity of attending to 
this precaution, in the inſtance before us. 


Let M repreſent the moon as before; O the p.. 
center of the earth; and I and N thoſe parts of * © 


the ſurface which are the neareſt tv the moon, 


and the fartheſt from her; and, for the ſake of 


perſpicuity, let us ſuppoſe the earth, in this 
inſtance, to be entirely covered by the ocean. 

ken becauſe the point Z is nearer to the moon 
than any other part of the hemiſphere H Z R, 
it is evident that the waters will be mare 
ſtrongly attracted by her, about that point, than 
at others which are more remote; and fince this 
attraction acts in a contrary direction to that of 


the earth, the waters, in all parts, from H, R 


to Z, muſt have their gravity, or tendency to- 
wards the centre O diminiſhed ; and as this 
tendency is the leaſt at the point Z, they will, 
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conſequently, ſtand higher there than in ae 
other part of the hemiſphere. 

Again, in the oppoſite hemiſphere H N R, 
although the attraction of the moon conſpires 
with that of the earth, yet as it is known to 
decreaſe in proportion as the ſquares of the 
diſtances increaſe, it 1s plain that the joint in- 
fluence of the two forces, taken together, will 
be leſs at the point N, on the fide oppoſite to the 
moon, than at thoſe parts which he nearer to 
H, R; and, conſequently, as the gravity of the 
waters, or their tendency towards the centre, 
is alſo the leaſt at that point, they will be more 
elevated there than in any other part of the he- 
miſphere ; ſo that the attractive force of the 
moon will evidently raiſe the waters, both at 
that point of the ſurface which is neareſt to her, 
and at that which is fartheſt from her, at the 
ſame time, as was to be ſhown. 

Following this ſy tem, then, it is to be ob- 
ſerved, that at any port or harbour which lies 
open to thg occan, the action of the moon will 
Late the waters there, when ſhe is on 
Man of that place, whether it be above 
orizon or below 7 But the water cannot 


be raiſed at one place, without flowing from, and 
being depreſſed at another; and theſe elevations 
and depreſſions will obviouſly. be the greateſt at 
oppoſite points of the earth's ſurface, When 

| the 
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the moon raiſes: the waters at Z and N, they © 
will be depreſſed at H and R; and when they are 
raiſed by her at H and R, they will be depreſſed 
at Zand N. And as the moon paſles over the 
meridian, and is in the horizon, twice every day, 
there will therefore be two tides of flood and 
two of ebb, in that time, at the interval of about 
ſix hours and eleven minutes each; which is 
exactly conformable to theory and experience. | 

One great privilege of genius, ſeems to be 
that of conſidering diſficult things under a point 
of view which renders them more ſimple and 
perſpicuous, and enables the mind to compre- 
hend and follow them with eaſe and facility. 
This felicity of conception was poſſeſſed by 
Newton in the higheſt degree: he always knew, 
in every caſe which required inveſtigation, the 
proper mode of reſolving the queſtion. Geo— 
metry and mechanics were his favourite 
ſciences, and, by their means, he ſoon con- 
quered every difficulty. We have ſeen, in the 
preſent inſtance, how eaſily he removed objec- 
tions, and reconciled apparent contradictions. 
The occurring of the tides at the ſame place 
twice a day, was made uſe of as an argument 
againſt the truth of his grand principle of at- 
traction ; but this, ſo far from being repugnant 
to that doctrine, he has ſhewn to be a neceſſary 
conſequence of it. | | 
K 2 Another 
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| 


Another ſeeming objection may alſo be re- 


moved with the ſame eaſe. From a ſlight con- 


fideration of what has been ſaid, you might be 
led to imagine, that the time of high water at 
any place, would be when the moon is over the 


meridian of that place. But this is by no 
means the caſe: it is uſually about three hours 
afterwards ; and the reaſon of it may be ſhewn 
as follows. The moon, when ſhe is on the me- 
ridian, or neareſt to the zenith of any place, 


tends ta raiſe the waters at that place; but this 


force muſt evidently be exerted for a conſider- 
able time, before the greateſt elevation will 
take place; for if the moon's attraction were to 
ceaſe altogether, when ſhe has paſſed the meri- 
dian, yet the motion already communicated to 
the waters would make them continue to aſcend 
for ſome time afterwards; and, therefore, they 
muſt be much more diſpoſed to aſcend, when 
the attractive force is only in a ſmall meaſure 
diminiſhed. 

The waves of the ſea, which continue after a 
ſtorm has ceaſed, and almoſt every other motion 
of a fluid, will illuſtrate this idea; all ſuch 
effects being eaſily explained, from the confidera- 


tion that a ſmall impulſe, given to a body in 


motion, will make it move farther than it would 


_ otherwiſe have done. It is alſo, upon the ſame 


principle, that * heat is not the greateſt upon 
the 
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the longeſt day, but ſome time afterwards z and 
that it is not ſo hot at twelve o'clock, as at two 


or three in the afternoon ; becauſe there is a 


farther increaſe made to the heat already im- 
parted. Inſtead of its being high water then, 


when the moon is upon the meridian of any 
place, it will always be found to happen, as far 
as circumſtances will allow, at about three 
hours afterwards ; and the intervals between the 
flux and reflux, muſt be reckoned from that 
time in the ſame manner as before. 

From what has been hitherto ſaid, it may be 
ſuppoſed that the moon is the ſole agent con- 
cerned in producing the tides, But it will be 


neceſſary to obſerve, before we quit the ſubject, 
that the influence of the ſun would alto produce 
the ſame effect, though in a much leſs degree, 
than, from his ſuperior magnitude, we ſhould 


naturally be led to imagine. For it is not the 
entire actions of thoſe bodies upon the whole 
globe of the earth, that is here to be conſidered, 


but only the incqualities of thoſe actions upon 
different parts of it. The whole attractive force 
of the ſun is far ſuperior to that of the moon; 


but as his diſtance from the earth is near four 


hundred times greater, the forces with which he 


acts upon different parts of it, will be much 
nearer to equality than thoſe of the moon; and 
conſequently will have a leſs eſfect in producing 
any change of its ſigure. For it is to be ob- 
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ſerved, that if all the parts of the earth were 


equally attracted, they would ſuffer but little 
change in their mutual ſituations, 

That this doctrine may be {till more clearly 
underſtood, let it be conſidered, that though 
the earth's diameter bears a conſiderable pro- 


Portion to the diſtance of the earth from the 


moon, yet this diameter is almoſt nothing when 
compared to the diſtance of the earth from the 
ſun. The difference of the ſun's attraction, 


therefore, on the ſides of the earth under and 


oppoſite to him, will be much leſs than the 
difference of the moon's attraction on the ſides 
of the earth under and oppolite to her: and, for 
this reaſon, the moon mutt raiſe the tides much 
higher than they can be raiſed by the ſun. 
Newton has calculated the effect of the ſun's 
influence, in this caſe, and found that it 1s about 
three times leſs than that of the moon. The 
action of the ſun alone would, therefore, Be 
ſufficient to produce a flux and reflux of the 
ſea; but the elevations and depreſſions occaſioned 
by this means, would be about three times leſs 
than thoſe bed by the moon. 

The tides, then, are not the ſole production of 
the moon, but of the joint forces of the ſun and 
moon together. Or, properly ſpeaking, there 
are two tides, a ſolar one, and a lunar one; 


which have a joint or oppoſite effect; according 
to the ſituation of the bodies which produce 
| them, 
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them. When the actions of the fun and moon 
conſpire together, as at the time of new and 
full moon, the flux and reflux becomes more 
conſiderable; and theſe are then called the 
Spring Tides. But when one tends to elevate 
the waters, whilſt the other depreſſes them, as 
at the moon's firſt and third quarters, the effect 
will be exactly the contrary ; the flux and reflux, 
inſtead of being augmented, as before, will now be 
diminiſhed; and theſe are called the Neap Tides. 
But as this is a matter of ſome importance, it 
may be worth while to enter into a more minute 
explanation of it. For this purpoſe, let S re- * 11; 
preſent the ſun, ZHNR the earth, and F and * 
C the moon at her full and change. Then, be- 
cauſe the ſun S, and the new moon C, are nearly 
in the ſame right line with the center of the 
earth O, their actions will conſpire together, and 
_ raiſe the water about the zenith Z, or the point 
immediately under them, to a greater height, 
than if only one of theſe forces acted alone. 
But it has been ſhewn, that when the ocean is 
elevated at the zenith Z, it is alfo elevated at 
the oppoſite point, or nadir N, at the ſame time; 
and, therefore, in this ſituation of the ſun and 
moon, the tides will be augmented. And again, 
whilſt the full moon F raiſes the waters at N 
and Z, directly under and oppolite to her, the 
ſun 8, acting in the ſame right line, will alſo 
raiſe the waters at the ſame points Z and N, 
K 4 directly 
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directly under and oppolite to him ; and there- 
fore, in this ſituation alſo, the tides will be 


augmented; their joint eſſect being nearly the 
ſame at the change as at the full; and, in both 


caſes, they occaſion what are called the G | 


her firſt quarter, at F; but the ſame reaſoning + 


Tides. 
Purſuing the illuſtration in the ſame way, let 
now F and T be the moon in her firſt and third 


quarters, and the reſt as before. Then, ſince 


the ſun and moon act in the right lines S O and 
FT, which are nearly perpendicular to each 
other, their forces will tend to produce contrary 


effects ; becauſe the one raiſes the waters in that 


part, where the other depreſſes them. The 
ſun's attraction at R and H, will diminiſh the 
effect of the moon's attraction at Z and N; ſo 
that the waters will riſe a little at the points 
under and oppoſite to the ſun, and fall as much 
at the points under and oppoſite to the moon; 
and of courſe the lunar tides will be diminiſhed. 
in thoſe parts. This reſpects the moon only in 


will evidently hold, when applied to the moon 
in her third quarter, at T; for as the ſun and 
moon ſtill act in lines which are perpendicular 
to each other, they muit produce the ſame 
diminution as before; and in both theſe caſes 
they occaſion what are called the Neap Tides. 
But it muſt be obſerved, that neither the Spring 
nor Neap Tides arne when the ſun and moon 
have 
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have the preciſe ſituations here mentioned ; be- 
cauſe, in this caſe, as in all others, the actions do 
not produce the greateſt effect when they are the 
ſtrongeſt, but ſome time afterwards, 

The effects of the diſturbing forces of the ſun 
and moon, depend, likewiſe, upon their reſpec. 
tive diſtances from the earth, as well as upon 
their particular fituations. For the leſs the 
diſtances are, the greater will be the effects; 
and, therefore, in winter, when the ſun is nearer 
to the earth, the ſpring tides will be greater than 
in ſummer, when he is farther off; and the 

neap tides, on that account, will be leſs. And, 

for a like reaſon, as the moon moves in an 
| elliptical orbit round the earth, and is nearer to 
us at ſome times than at others, the tides wall, 
at thoſe times, be greater, and at the oppoſite 

points of her orbit leſs. Some variations, like- 
| wiſe, take place in conſequence of the different 
declinations of the ſun and moon at different 
times. For if either of theſe luminaries were 
at the pole, it would occaſion a conſtant eleva- 
tion both there and at the oppolite one, and a 
conſtant depreſſion at the equator ; ſo that as 
the ſun and moon gradually decline from the 
equator, they loſe their efſect, and the tides 
become leſs; and when they are both in the 
equator, the tides of courſe become greater. 

Theſe are the principal phænomena of the 
tides ; and where no local circumſtances inter- 

| fere, 
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fere, the theory and facts will be found to agree. 
But it muſt be obſerved, that what has been here 
ſaid, relates only to ſuch places as lie open to 
large oceans. In ſeas and channels, which are 


more confined, a number of cauſes concur, 


which occaſion conſiderable deviations from the 
general rule. Thus, it is high water at Ply- 
mouth about the ſixth hour; at the Iſle of Wight 


about the ninth hour; and at London-bridge 


about the fifteenth hour, after the moon has 
paſſed the meridian. And at Batſha, in the 
kingdom of Tonquin, the fea ebbs and flows 
but once a day; the time of high water being 


| at the ſetting of the moon, and the time of low _ 
water at her riſing. There are, alfo, great vari- 


ations in the height of the tides, according to 
the ſituation of coaſts, or the nature of the 


ſtreights which they have to paſs through. 


Thus, the Mediterranean and Baltic ſeas have. 
very ſmall elevations ; while, at the port of 
Briſtol, the height is ſometimes forty feet; and 
at St. Malo's it is ſaid to be near a hundred. 
What has been ſaid of the ocean may likewiſe 
be applied to the air; for the ſurface of the at- 
moſphere being nearer to the moon than the 
ſurface of the ſea, it is plain that the acrial tides 
muſt be much more conſiderable than thoſe of 
the occan: and on this account it ſhould ſeem 
to follow, that the mercury in the barometer 


would fink confiderably lower than at other 


times, 


* 
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times, hen the moon paſſes the meridian ; be- 
cax&her action on the particles of air, muſt, at 
t e, make them much lighter. But it 


ft be conſidered, that in proportion as theſe 
particles are rendered lighter, a greater number 
of them are accumulated, till the deficiency of 
gravity 1s made up by the height of the column); 
and as there is then an equilibrium, the preſſure 
will evidently be the ſame as before; and-conſe- 
quently the mercury in the barometer, cannot, 
in any reſpect, be affected, by means of theſe 
tides. 
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LETTER. 


Or ru LartrTuDE Ax P LONGITUDE, AND THE 
METHmoDs OF DISCOVERING THEM. 


N almoſt all difficulties we have our reſources; 
and ſuch are the inventive powers of the 
mind, that there are but few things, which it 
is uſeful for us to know, but what ſome means 
have been deviſed for obtaining a knowledge of 
them. To determine the true place of a ſhip at 
ſea, is a problem, which was formerly placed 
in the ſame degree of probability with the ſecret 
of prolonging life, the perpetual motion, and 
the ſquaring of the circle: but, impoſſible as the 
{ſolution of it might appear, it can now be ob- 
taincd to a degree of preciſion, ſufficient to an- 
fwer moſt practical purpoſes. By the help of a 
few books, and a quadrant, the mariner can 
not only inform himſelf of the ſituation he is 
in, but alſo how/far he has travelled, what 
| diſtance he has to go, and how he mult direct 
his courſe to arrive at the place he deſigns ta 
vilit. | 

In this enquiry, nothing more 1s neceſlary, 

than to find the latitude and longitude of the“ 
| | places 


n 
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places under conſideration ; for theſe being once 
known, by only turning to a common map or 
globe, the places themſelves will be found by 
inſpection. What is to be underſtood by theſe 
terms, and how they are applicable to the pur- 
poſes mentioned, you will, no doubt, be anxious 
to enquire; and I ſhall endeavour to ſatisfy your 
curiolity to the utmoſt of my power. The ſub- 
ect is no leſs uſeful than curious, being the 
very foundation both of geography and naviga- 
tion ; and, in order that you may obtain as clear 
an idea of it as poſſible, we will begin with the 
firſt principles, and proceed gradually, itep by 
ſtep, to their application. 


In the firſt place, then, as it is abſolutely ne- . 
ceſlary for you to have a perfect conception of 


what is meant by the poles of the carth, the 
equator, and the meridians, I ſhall deſcribe them 
in as familiar a manner as the ſubject will admit, 
and at the ſame time ſhew you their uſe and 
delign. The poles are the two extremities of 
the earth's axis; or thoſe points where the ima- 
ginary line, round which 1t performs its daily 
revolutions, meets the earth's ſurface : that 
which is directed towards the moſt northern 
point of the heavens, being called the north 


pole; and that which is directed towards the 


moſt ſouthern point, the ſouth pole. So that 
they are diametrically oppoſite to each other, 
and always preſerve the ſame relative ſituation. 


TwWoo 
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'Two poles turn round the globe, one ſeen to riſe 
O'er Scythian hills, and one in Lybian fkies ; 

The firſt ſublime in heav'n, the laſt is hurl'd 
Below the regions of the nether world ; 

Where, as they ſay, perpetual night is found, 

In filence brooding on the unhappy ground : 

Or, when Aurora leaves our northern ſphere, 

She lights the downward heav'n, and riſes there; 
And when on us ſhe breathes the living light, 

Red Veſper * there the tapers of the night. 


DarbE& 's VIRGII. 


It is, alſo, to be obſerved, that theſe two points 


have not been arbitrarily aſſumed by geogra- 


phers and aſtronomers, to anſwer their particu- 
lar purpoſes, for they are pointed out to us by 
the nature and conſtitution of the globe, and 
are eaſily diſtinguiſhed from all others. The 
nearer we er to them, the more we find the 
earth becomes barren and inhoſpitable; ſo that, 


under the poles, the cold is fo exceflive, that 


the country muſt be abſolutely uninhabitable. 
Many attempts have been made to explore theſe . 
remote regions, but they have all hitherto failed; 
and there is great reaſon to imagine that the 
are utterly inacceſſible. The immenſe quanti> 
ties of ice with which the ocean, in thoſe parts, 
is continually covered, renders navigation im- 
practicable; and any method of approaching 
ticrh by land, w ould be — to ſtill greater 
impèdiments. 


From 
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From theſe confiderations, you will be able to 
obtain a preciſe and determinate idea of the 
poles. Imagine now a circle to be drawn round 
the globe, exactly in the middle between theſe 
two points, and this will be the equator; which, 
properly ſpeaking, is a great circle of the earth, 
that ſeparates the northern from the ſouthern 
hemiſphere, and is every where at an equal 
diſtance from the two poles. This circle is alſo 
no leſs remarkable, on account of its ſituation, 
than the poles; the heat here being almoſt as 
intenſe as the cold is there; for which reaſon, 
the ancients imagined the countries in both 
ſituations to be egually uninhabitable. Since 
the globe, however, has been farther explored, 
it has been found that many places, which lie 

directly under tire equator, are extremely popu- 
lous, notwithſtanding the exceſſive heat of the 
climate; and even the bleak regions of the pole 
are not wholly deſolate; ſo that the following 
deſcription of thoſe parts muſt be conſidered as 


more poetical than juſt. 

The fields of liquid air, incloſing all, 

Surround the compaſs of this earthly ball: 
And as five zones th' etherial regions bind, 
Five, correſpondent, are to earth aſſign'd: 
The ſun, with rays directly darting down, 
Fires all beneath, and fries the middle zone: 
The two beneath the diſtant poles complain 

Of eadleſs winter, and perpetual rain: 
Betwixt th' extremes, two happier climates hold 
The temper that partakes of hot and cold. 
7 Ovid. 


Ll 
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Having fixed the poſition of the Dates and 
equator, it will be eaſy to form a notion 
of any other circles that can be drawn upon 
the globe. A meridian, for inſtance, is a cer- 
tain great circle, which is ſuppoſed to paſs 
through the two poles, and to divide the eaſterri 
half of the earth from the weſtern half. And 
| becauſe any place, which lies to the eaſt or weſt 
of another, may have a circle of this kind 
drawn through it, you will readily perceive that 
there may be as many meridians as there are 
places of different fituations. The meridian of 
any particular place is alſo to be known, by its 
being that circle in which the ſun is always #0 
be found at noon, or when he is at an equal 
diftance both from the point where he riſes, 15 

the point where he ſets. 
Theſe are the principal circles concerned in 
the preſent ſubject; and if they be properly un- 
derſtood, what follows will be found perfectly 
eaſy. The equator, for inſtance, is repreſented 
as a boundary, which ſeparates the northern | 
from the ſouthern hemiſphere; and the lati- 
tude of a place is its diſtance north or ſouth 
from this circle. If the place lies in the 
northern hemiſphere, it is ſaid to have north. 
latitude ; and if it lies in the ſouthern hemi- 
ſphere, it is ſaid to have ſouth latitude : ſo that 
the latitude of any place will be greater or leſs, 
according as it is farther from, or nearer to the 
„ | | | equator, 
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equator. And in order to eſtimate this diſtahce, 
we conceive a meridian to be drawn through 
the place propoſed; and by reckoning how 
many degrees of that circle are contained be- 
tween this point and the equator, we are enabled 
to judge of the ſituation of the mow with 
reſpect to its latitude. | 
Every circle is ſuppoſed to be divided into 360 | 
equal parts, called degrees, and every degree 
into ſixty equal parts, called minutes; ſo that, 
from theſe conſiderations, you will readily per- 
ceive what is to be underſtood by the latitude 
being expreſſed in degrees and minutes, and 
how the diſtance of any place from the equator 
may be aſſigned by them. If, for example, a 
place is ſaid to have ninety degrees of north 
latitude, it muſt, evidently, lie under the north 
pole; and if it has ninety degrees of ſouth lati- 
tude, it muſt, be under the ſouth pole. In like 
manner, any place which 1s exactly in the mid- 
way between the equator and either of the poles, 
will have forty-five degrees of latitude, north or 
ſouth, according to the hemiſphere in which it 
lies: ſo that under the equator the latitude is 
nothing, but increaſes gradually as you advance 
towards cither of the poles, where it is ninety 
degrees, or the greateſt poſſible. 
A great number of different places may alſo, 
it is evident, have the ſame latitude; for if a 
circle be ſuppoſed | to be drawn through any 
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point of the meridian, parallel to the equator, 


what parallel it hes, and what is its diſtance 


none of theſe circles are, in their own nature, 
diſtinguiſhable from the xeſt, it will be neceſſary 
to fix upon ſome one in particular, and agree 
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all the places which lie under that parallel will 
be equally diſtant from the equator, and conſe- 
quently muſt have the ſame latitude. It ap- 
pears, therefore, that by knowing the latitude 
of a place only, we are not from thence able to 
alcertain its exact lituation, We can tell under 


from the equator; but other conſiderations are 
neceſſary to fix its preciſe poſition in that parallel, 
and to enable us to ſind it upon a map or globe. 

Before we can do this, we. muſt know the 
diſtance of the place from a certain meridian, as 
well as its diſtance from the equator. But as 


to refer all our computations to that. Suppoſe, 
for example, that we take any remarkable place 
upon the earth, and conlider the meridian 
which paſles over it, as the principal one: this 
may then be called the firſt, and by noting the 
points where it cuts the equator, the diſtance 


of any place may be properly reckoned irom it 
in degrees and minutes of that circle. 


The choice of a firſt meridian has been a 


matter of conſiderable embarraitment both to 


altronomers and geographers, and even yet they 


are not perfectly agrecd in their determinations. 
The French make their tirit meridian paſs 
5 | through 
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through the illand of Ferro, one of the Canaries; 
and the Dutch have fixed upon another of thoſe 
iſlands, called Teneriſſe, as the propereſt ſituation 
for this purpoſe. But the Engliſh, with more 
propriety, make their firſt meridian paſs over 
London, or rather Greenwich, on account of the 
Royal Oblervatory being at that place. This 
| diſagreement amongſt the aſtronomers of diffe- 
rent nations is not, however, to be conſidered 
as a matter of much importance ; for which 
ever is conſidered as the firſt meridian, the reſt 
may be caſily deduced from it, by noting the 


different points where they interſect the equator, 


and finding the difference. 

The idea of making the meridian paſs over the 
capital of a kingdom is a very natural one; but 
you will, no doubt, be curious to know why 
the iſlands of Ferro and Tenerife were fixed upon 
before all other places for this purpoſe. The 
principal reaſon ſcems 4 have been, on account 
of the weſterly ſituatio of - theſe iſlands ; for as 
they lic in the Atlantic ocean, between Europe 
and America, the hrit meridian being made to 
paſs over this part of the globe, might then be 
conſidered as the weſtern boundtry of Europe. 
Beſides this, the Dutch and Germans imagine 
the Pike of Teneriffe, on account of its being 


one of the higheſt mountains in the world, to 


be a place peculiarly proper for this purpoſe. 
= T 2 '. *Thele 
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Theſeireaſons, however, are by no means ſatis- 
factory. The true poſition of the Canaries was 
not, till very lately, determined; and it muſt 
ſurely be injudicious to make the firſt meridian 
paſs through a place whoſe ſituation is but im- 
perfectly known. Let us, therefore, follow our 
countrymen, and without regarding the practice 
of other nations, refer the longitude of all 
Places to the meridian of London. This meri- 
dian, then, which may now be called the firſt, 
cuts the equator in two oppoſite points, at the 
diſtance of 180 degrees each way; and as the 


_ equator is the boundary which ſeparates the - 


northern hemiſphere from the ſouthern, ſo this 


circle may be conſidered as the boundary which 


ſeparates the eaſtern hemiſphere from the 
weſtern. | | 
The relation between theſe two circles is, alſo, 


ſtill farther obſervable: for as the latitude of 


any place is its meridlional diſtance from the 
equator, ſo the longitude of any place 1s its 


equatorial diſtance from the firſt meridian. If 


the place lies in the caſtern hemiſphere, it 1s 
ſaid to have caſt longitude; and if it lies in the 
weſtern hemiſphere, it is ſaid to have weſt longi- 
tude ; the longitude of any place being greater 
or leſs, according to its ealt or weſt diſtance 
from the firſt meridian. But, in order to ob- 


tain a true eſtimate of this diſtance, we muſt 


2 | conceive 
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conceive a meridian to be drawn through the 
place propoſed, and then, by reckoning how 
many degrees of the equator are contained be- 
tween this and the firſt meridian, we ſhall be 
enabled to judge of the ſituation of the place 
| with reſpect to its longitude. | 
This method is, however, ſubject to ſome 
ambiguities, which ariſe from conſidering the 
meridians as entire circles. Let us therefore 
conſider them only as ſemicircles, drawn from 
one pole to the other, and all difficulties of this | 
kind will be cafily avoided. - For, ſince the 
_ equator may now be divided into 180 degrees 
each way from the firſt meridian, and none of 
theſe ſemicircles can interſect it in more points 
than one, the method of reckoning the longi- 
| tude will be perfectly clear and intelligible. If, 
for example, the meridian of any place cuts the 
equator at twenty degrees diſtance from the 
| firſt meridian, the longitude of that place will 
be twenty degrees, eaſt or weft, according 
to its ſituation; and ſo of any other place 
Whatever. 
From this conſideration it is Alſo evident, that 
the greateſt longitude a place can have is 180 
degrees; and that the longitude of any place 
lying under the friſt meridian will be nothing. 
A great number of different places may alſo 
have the ſame longirude ; for if a meridian be 
fuppoſed to be drawn through any point upon 
L 3 the 
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the globe, all places lying under that meridian, 
when referred to the equator, will be at an equal 
diſtance from the firſt meridian, and conſe- 
quently their longitude muſt be the ſame. It 
appears, therefore, that by knowing the longi- 
tude of a place only, we are not from thence 
able to aſcertain its exact ſituation, any more 
than we were from knowing the latitude only. 
We can tell under what meridian it hes, and 
what is its equatorial diſtance from the firſt me- 
ridian; but ſomething more muſt be under- 
ſtood, before we can fix its preciſe poſition upon 
the globe. This knowledge is obtained, by 
finding both the meridian and the parallel of 
latitude of the place under conſideration ; the 
point where theſe two. circles interſect each 
other being the true ſituation of the place pro- 
poſed. | 
hut it is not the ſituation of towns and pro- 
vinces only that we are ſo anxious to deter- 
mine: to apply theſe principles to the purpoſes 
of navigation, is a matter of {till greater import- 
ance. In travelling by land, we are ſubject to 
few inconveniencies; but the calls of ambition, 
buſineſs and pleature, have expoted men to new 
dangers, When the diſcovery of the compaſs 
invited the voyager to quit the conſolatory ſight 
of his native ſhore, and to venture himſelf upon 
an unknown ocean, that Knowledge, which he 
might have thought but ot little conſequence 
8 before, 
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before, became now a matter of abſolute neceſ- 
ſity. Floating in a frail veſſel, upon an uncer- 
tain abyſs, he has conſigned himſelf to the 
mercy of the winds and waves, and knows 
not where he is: an uniform ſimultaneous plane, 
and an uninterrupted horizon, is all that he ſees. 
around him. The compaſs will direct him in 
his courſe, but it ſhews him neither the coaſts 
he has leſt behind, nor thoſe he endeavours to 
6 | 7 

In this ſituation of danger and diſtreſs, having 
no other reſource, he applies to the heavens for 
aſſiſtance: the ſame ſtars, Which he ſaw in his 
native country, are ſtill viſible in the firmament, 
and theſe are his only guides. Being fixed and 
immoveable, their ſituations are known ; and 
rules have been derived from this property, 

which will enable him to find the latitude of 
the place at which he is arrived. But as many 
places have the ſame latitude, this only informs 
him that he is ſomewhere in a certain circle 
which 1s paralle] to the. equator. To tell ex- 
atly in what part of this circle he is, he muſt 
alſo find the difference of longitude, and deter- 
mine the meridian which cuts the parallel in the 
place occupied by his veſſel. 

The latitude of a place 1s eaſily diſcovered, 
but the longitude is a ſubject of the utmoſt diffi. 
culty. Many methods have been deviſed for 
this purpoſe, which are ſufticiently accurate 

| „ upon 
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upon land; but at ſea, where preciſion is moſt 
wanted, they are leaſt to be depended upon. 
The problem is ſo intimately connected with 
trade and commerce, that princely rewards have 
been offered for an eaſy and accurate ſolution of 
it. By an act of parliament, paſſed in the year 
1714, the Engliſh government offered 20,000 
pounds reward to any perſon who ſhould diſco- 
ver a method for finding the longitude of places 
at ſea, within thirty miles, or half a degree of a 
great circle: 15,000 pounds if it came within 
two-thirds of a degree, and 10,000 pounds if it 
eame only within a degree of the truth. Such 
2 liberal encouragement induced the learned, of 
all nations, to attempt this important diſcovery, 
which now became doubly intereſting, both by 
the honour and profit which attended it. 
I ſhall not perplex you with a long detail of 
all the methods invented by aſtronomers fer this 
purpoſe, as they are frequently involved in ab- 
ſtruſe calculations, which you would find both 
tedious and unintelligible. A general idea will 
be beſt obtained by conſidering thoſe only, 
which are the moſt imple and eaſy ; and it theſe 
be properly underſtood, it will not be difficult 
for you to comprehend the principles upon 
which. they are all founded. Difregarding, 
therefore, all minute particulars, we will firſt 
begin with the Jaticude, and thow the means 
8 which 
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\ which have been uſed to diſcover the diltances 

/ of places from the equator. | 
| In this enquiry, the firſt method that ſuggeſts 
| itſelf, is that of finding the height of the pole. 
; For as this point is immoveable in the heavens, 
and is found to be elevated or depreſſed accord- 
ö ing as we are farther from, or nearer to, the 
equator, it becomes, by this means, à criterion 
| by which we can judge of our diſtance from 
| that circle. Suppoling ourſelves, therefore, to 
be in the northern hemiſphere, we will take this 
point for our guide, and endeavour to find the 
latitude of the place. The ſtar, uſually called 
the north pole ſar, is not exactly in the north 
point of the heavens : but, for the ſake of il- 
luſtrating the ſubject, we will ſuppoſe it was, 
and ſee what will follow from its having this 
ſituation. 

Let NS, therefore, be the axis of the 3 Plate v. 
E Q the. equator, and Z the zenith, or place of * 
obſervation: then, ſince Z O, the diſtance f 
1 the zenith from the horizon, is ninety degrees; 
3 and NE, the diſtance of the pole from the 
equator, is alſo ninety degrees; the arc OZ 
will conſequently be equal to the arc NE; and 


\ | if the arc NZ, which is common to them both, 
8 be taken away, the remainder O N will be equal 
"1 to the remainder Z E: but ON is the height of 
\ * the pole above the horizon, and ZE is the lati- 
05 | | tude of the place, or its diſtance from the 

A | 


_ equator; 
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equator ; and therefore, if the height of the L 

pole above the horizon be taken by means of K 

quadrant, or any other inſtrument proper for 

„the purpoſe, it will evidently give the latitude 

4 & where the obſervation was made. 

Thus, the height of the north pole at London 

is found to be about fifty-one degrees, thirty- 

two minutes; and therefore this is the latitude 

of the place, or its diſtance north from the 
equator. 

But as the pole ſtar is not ta in the north 
point of the heavens, let ſome other ſtar be taken 
which 1s about eight or nine degrees from that 
point; and find, with a quadrant, its greateſt and 
leaſt altitude, in the ſame manher as before. f 
Then, as the ſtar moves in a ſmall cirele round | j 
the pole, which it deſcribes in about 24 hours, | 
it is evident that, if the leaſt of the two alti- 
tudes be added to half their difference, it will 
give the height of the pole, or the latitude of 

Plate iy. the place required. For, let þ and à be the two 
8. 9. poſitions of the ſtar at its greateſt and leaſt alti- 

tudes, and N the true north point of the world; 
then, ſince h and a are diametrically oppoſite 
to each other, and N is exactly in the middle 
between them, it is plain that if O a, the leaſt 
altitude, be added to a N, halt the difference of 
the altitudes, it will give ON, the height of 
the pole above the horizon; which, as was 
before 
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ore ſhewn, is equal to ZE, the latitude of 
. place of obſervation. 

This method, however, is liable to ſome 
exceptions; and as the ſame thing may be 
done by taking only a ſingle altitude of the 
ſun or a ſtar, When it is upon the meridian, 
it is uſually preferred in practice to the former. 

Ihe problem admits of ſeveral caſes, according 

to the fituation/of the obſerver : but as they are 

all equally eaſy, an explanation of one of them, 

will be a ſufficient elucidation of the whole. 
Suppole then, that a ſpectator at Z, ſees the ſun, pute w. 
at noon, over the point S, and finds, with a — 
quadrant, the meridian altitude HS; then, if 

this altitude be taken from H Z, or ninety de- 
grees, it will give the zenith diſtance Z S; and 

the zenith diſtance 25S, being added to the de- 


clination of the ſun S E, will be the latitude of 
the place required. 


The ſun's dcclination, is his diſtance north 
or ſouth from the equator; and as this may 
be found in the Nautical Almanac, ready com- 
puted for the noon of every day in the year, 
the latitude may always be eaſily obtained from 
it. Thus, for example, ſuppole that at ſome 
unknown place in the Weſtern Ocean, the ſun's. 
meridian altitude was obſerved to be forty-four 
degrees fiity-one minutes, and that his declina- 
tion, as found in the tables, was ſix degrees 
forty-one minutes north; then, by taking forty- 
four degrees _ one minutes from ninety 

degrees, 
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degrees, the difference, which is forty-five de- 
grees nine minutes, is the diſtance of the ſun 
from the zenith; and this being added to hx 
degrees forty-one minutes, the ſun's declina- 
tion, gives fifty-one degrees thirty-two minutes 
for the latitude required; which ſhews the place, 
in this inſtance, to be upon the ſame parallel 
with London. And if any remarkable fixed 
ar be taken inſtead of the ſun, the latitude may 
found from its declination and altitude, in 
xactly the ſame manner. 
Theſe are the moſt popular methods of finding 
the latitude; and as what has been ſaid upon 
them is ſuſſicient to give you a general idea of 
the ſubject, I ſhall now proceed to the longitude, 
and endeavour to ſhew that this may be ob- 
tained, to a certain degree of exactneſs, in nearly 
as eaſy a manner as the former. In departing 
from any place, whoſe ſituation is known, we 
have only to find the direction we travel in, by 
means of the compaſs, and to meaſure the diſ- 
tance paſſed over, by the log, which is an in- 
ſtrument uſed for that purpoſe ; and both the 
latitude and longitude of the place arrived at, 
may be determined by a map or chart as follows: 
Suppoſe a veſlcl departs from a place, whoſe 
latitude is fifty-ſeven degrees twenty minutes 
north, and longitude ſixteen degrees eaſt, and 
that it proceeds in an eaſt ſouth eaſt direction 
100 leagues : then, in order to determine the 
* | ſituation 
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ſituation of the place at which it is arrived, take 
a map or plane chart, ſuch as is repreſented in 
fig. 11. Plate IV. in which find the place L, 
from whence the ſhip departed ; and draw the 
right line LM, making the ſame angle with 
the meridian, eafl-ſouth-eaſt, as was ſhewn by 
the compaſs; and on this line ſet off the diſtance 
100 leagues from L to M, taken from the ſcale 
in the figure, and M will repreſent, on the chart, 
the ſituation of the place required ; which ap- 
pears, by inſpection, to he in latitude fifty-five 
degrees twenty-five minutes north, and longi- 
tude about twenty-four degrecs four minutes 
caſt. | 5 

In this example, where the diſtance run is 
much larger than can uſually happen, it is ſup- 
poſed that the veſſel preſerves an uniform courſe 
through the whole of her voyage: but the ſame - 
method will hold when ſhe varies that direction; 
for if a ſimilar operation be performed at every 
change, and her ſituation be conſtantly found 
in the chart as before, her courſe or direction 
may be traced, by theſe means, from one place 
to another, till ſhe arrives at the place propoſed. 
This method, however, notwithſtanding its 
being frequently uſed by mariners, is liable to 
many obvious objections : few charts are pro- 
perly conſtructed ; and, beſides the errors which 
* * neceſſarily ariſe in eſtimating the courſe and 
diſtance, 
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diſtance, tempeſts and unknown currents in the 
ocean, may occaſion ſuch irregularities as will 
render it utterly impoſſible to aſcertain the 
ſituation of the veſſel with any degree of pre- 
ciſion. So that before any eſtimation of this 
kind, can be depended upon, it muſt be cor- 
reed, from time to time, by aſtronomical ob- 
ſervations. e 

This method of ſailing by the ſtars, as it is 
frequently called, may be traced back as far as 
the time of Homer, and, perhaps, to a ſtill 
earlier period; but from the account which he 
has given us, of the departure of Ulyſſes from 
the iſland of Calypſo, it has been inferred, that 
his knowledge of aſtronomy muſt have been 
very imperfect, ſince he deſcribes the conſtella- 
tion of the great Bear as never ſetting, which is 
only the caſe in certain latitudes. 


Plac'd at the helm he ſate, and mark'd the ſkies, 

Nor clos'd in ſleep his ever watchful eyes. 

There view'd the Pleiads, and the Northern team, 

And great Orion's more refulgent beam, 

To which, around the axle of the ſky 

The Bear revolving, points his golden eye; 

Who ſhines exalted on th” etherial plain, 

Nor bathes his blazing forchead in the gain. 
 Opysser, B. V. 
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LETTRKEY 


THE SAME SUBJECT CONTINUED. 


f | 


Vorn ER method for finding the ts 

titude of places, is by means of a chrono- 
meter, or an inſtrument for meaſuring time. 
This excellent machine, fo uſeful in the common 
affairs of life, is capable of affording us infor- 
mation upon ſubjects which ſcem to have little 
or no connection with it; but genius and in- 
duſtry find analogies where vulgar apprehenſion 


is blind. If a watch or clockscould be fo con- 


{tructed, as to meaſure time with accuracy and 
preciſion, at all ſeaſons, and in all places, ſuch 
an inſtrument might be uſed to diſcover the 
longitude with the greateſt caſe and facility. 
"To illuſtrate this ſubject, we muſt conſider the 
manner in which time is eſtimated. When the 
ſun, in his apparent daily courſe round the 
earth, comes over any particular -meridian, it is 
then twelve o'clock, or noon, at all places which 
lie under that meridian ; but at all other places, 
it is either before noon, or after noon, according 
to their ſituation. The ſun, moving from eaſt 


to welt, mutt paſs over the meridian NBS be- 


fore 


n 
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fore he comes to the meridian NAS; and 
conſequently, when it is noon to the inhabi- 


tants who live under the meridian N BS, it 


will be ſome time before noon to the inhabitants 
who live under the meridian NAS. And, on 
the contrary, when it is noon at thoſe places 
which are ſituated under the meridian N AS, 
it will be ſome time after noon to the places 
which are ſituated under the meridian NBS. 

But as the ſun appears to move uniformly 


round the earth, and to deſcribe a circle, which 


contains 360 degrees, in twenty-four hours, he 
will of courſe move through an arc of fifteen 
degrees in an hour. When it is noon, there- 
fore, at London, and at all other places which 
lie under the ſame meridian, it will be one 
o'clock in the afternoon at all thoſe places which 
lie under the meridian fitteen degrees to the eaſt 


of that of London; and eleven o'clock in the 


morning, at all thoſe places which lie under the 
meridian fifteen degrees to the weſt, of that of 
London. If the diſtance of the meridians be 
thirty degrees, it will make two hours differ— 
ence in the time; it forty-five degrees, three 
hours; and ſo on, reckoning according to the 
ſituation of the places. 

To make this matter ſtill plainer, let us con- 


ſider the ſituation of any two particular places; 


for inſtance, that of London and Paris. The 
meridian of Paris is two degrees 20 minutes 
| - | eaſt 
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"4 af the meridtine of Laides; ans at 


ference, reckoning after the rate of fifteen de- 
grees to an hour, .is 9 minutes and 20 ſeconds 
of time. When it is at noon at London, there- 
fore, it will be 9 minutes and 20 ſeconds after 


noon at Paris; and on the contrary, when it is 


twelve o'clock at Paris, it will be only 50 mi- 
nutes and 40 ſeconds after eleven at London: 


ſo that the clocks at London, ought to be ſlower 


than thoſe at Paris by 9 minutes and 20 ſeconds. 
In like manner, the meridian of New York, in 
North America, being 74 degrees 9 minutes 


and 45 ſeconds welt of that of London, the 


difference of time at thoſe places will be 4 hours, 


56 minutes, and 39 ſeconds ; ſo that when it is 


noon at London, it is only 3 minutes and 24 


ſeconds after ſeven o' dock in the morning at 


New York. 


From theſe circumſtances you will readily ob- 
ſerve, that as places differ in longitude, or are 


ſituated under different meridians, ſo the clocks 
and watches of thoſe places, ſuppoſing them to 
be well regulated, will ſhew different hours at 


the ſame moment of abſolute time; a difference 


of fifteen degrees in longitude, always producing 
a difference of one hour in the time ſhewn by 


thoſe machines. Knowing, therefore, the dif- 
ference of time between two clocks, or watches, 


well regulated, at different places, it will be eaſy 


to find the difference of longitude of thoſe places, 


„ by 


* 
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by reckoning after the rate of fifteen degrees for 
every hour, and a Ns of a degree for every 
minute. 


The difference of time ſhewn by the clocks and 
watches of different places, will not appear in 


the leaſt ſurpriſing, when you conſider, that 


whilſt it is noon with us, there are countries 
towards the eaſt, where the ſun is juſt ſetting ; - 


and others towards the weſt, where he is juſt 
riſing; ſo that it is evening with the one, and 
morning with the other, at the fame inſtant of 
abſolute time that it is mid-day with us. With 
our antipodes, or thoſe who live directly oppo- 
ſite to us upon the globe, the difference is ſtill 
greater: it is noon with us, when it is midnight 
with them, and noon with them when it 1s 


midnight with us; their time, as well as their- 


ſituation, being always directly oppoſite to ours. 
Theſe conſiderations will clear the ſubject from 
all ambiguity, and you will now be able to per- 
ceive in what way a clock or watch may be uſed 
to diſcover the longitude. 

Suppoſe I had a watch of ſuch excellent work- 
manſhip, that, being once regulated for that 
purpoſe, it would always ſhow me, in whatever 
part of the world I might be, the exact time 
which it was then at London; by means of ſuch 


a watch, I ſhould be preſently enabled to tell 


the longitude of the place I am in. For this 
purpoſe, I have only to find when the ſun comes 


to 


by 
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to the meridian of the place, or, which is the 
ſame thing, when he is exactly ſouth ; and as I 


then know it to he twelve o'clock, the time 
thus found, being compared with the time ſhewn 


by my watch, and the difference, turned into 
degrees and minutes, will give the longitude of 
the place required. | 

To illuſtrate this by an ently ſuppoſe I 
was at Peterſburg in Ruſſia, and wanted to find 
the longitude of that city from London. Not 
chuſing to truſt to the common account of, time, 
as it is ſhewn by the clocks and watches at 
Peterſburg, I find when the Jun comes to the | 
meridian, and know it to be then exactly twelve 


_ o'clock. At this moment I look at my watch, 


and find that, inſtead of its being twelve o'clock 
by that, it is only 9 hours, 58 minutes, and 43 
ſeconds. From this I conclude that, when it is 
noon at Peterſburg, it is before noon at Lon- 
don, and that the difference is 2 hours 1 minute, 
and 17 ſeconds; which, by allowing fifteen de- 
grees to an hour, anſwers to 30 degrees 19 mi- 
nutes and 15 ſeconds. Since, therefore, the 
longitude of every place is reckoned from Lon- 
don, and the noon at Peterſburg is found to 
arrive ſooner than the noon at London, I know. 
the longitude of that city to be 3o degrees, 19 
minutes, and 15; ſeconds eaſt of London. 
* Inſtead of being in a place whoſe ſituation is 
known, ſuppole I was upon the ocean, near the 
M 2 coaſt 
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coaſt of ſome country, whoſe name I wanted to 
diſcover. I determine the moment when it is 
noon, in the ſame manner as before, and look- 
ing at my watch, I find it to be 5 hours, 7 mt- 
nutes, and 2 ſeconds in the afternoon, at Lon- 
don; from whence I conclude, by allowing 
fifteen degrees to an hour, that I am in a place 
whoſe longitude is 76 degrees 45 minutes welt 
of London. By this means I know preciſely 
the meridian I am under; but I am yet uncer- 
tain what particular part of that meridian it 
is. To difcover this, I find, by obſerving the 
height of the ſun at noon, that the latitude of 
the place is 18 degrees north of the equator ; 295 
and by looking into a map or chart, I find that 
the place, having this latitude and longitude, is 
Port Royal in Jamaica, which is therefore the 
coaſt upon which I am arrived. | 

In this eaſy manner the longitude of all other 
places might be diſcovered, provided the 'time- 
keeper, or watch, be ſubject to no irregularities, 
but always ſhewed the time exactly as it would 
be found at London, at the inſtant of obſerva- 
tion. This kind of accuracy, however, is what 
we cannot reaſonably hope to obtain; ſince every 
mechanical inſtrument, to what degree of per- 
fection ſoever it may be brought, muſt be ſubject 
to injuries from various cauſes. The irregular 
motions of a ſhip at ſea, and the different tem- 
perature of the atmoſphere in diſſerent climates, 

| | „ wa, 
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muſt, in particular, affect it conſiderably, and 

occaſion errors which ſeem to admit of no ade- 

quate remedy. | | | | 
It muſt be obſerved, however, that a great 


deal more has been done in this way than could 


poſſibly. have been expected. That excellent 
artiſt, Mr. John Harriſon, conſidered the ſub- 
ject with an indefatigable and unwearied atten- 
tion ; and his inventions for removing the im- 
perfections to which clock-work in general is 
liable, appeared to the commiſſioners of longi- 
tude ſo deſerving of encouragement, that they 
allowed him ſeveral conſiderable gratuities, to 


enable him to bring his ideas to perfection. 


From a trial of his watch, made in the years 
1761 and 1762, in a voyage to Jamaica, it was 


found to have erred only x minute and 54 ſe- 


conds in about five months; and in another 
voyage to Barbadoes, the mean daily error was 
about 2 f ſeconds; for which diſcovery, as it 
came within the meaning of the act, the com- 
miſſioners ordered him the ſum of 10,000]. And 
ſome time afterwards, in conſequence of his ex- 


plwKhaining the principles of his time-keepers, in 


Tuch a manner as to enable others to make them 
with the ſame accuracy, he received the remain- 


ing moiety of the parliamentary reward. 


Whilſt Mr. Harriſon was proſecuting this 
ſubject in England, Meſlrs Le Roy, Berthoud, 
&c, were engaged in the ſame purſuit in France; 

| M3 > and 
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and ſeveral time-pieces were accordingly exe- 


cuted by them, which were found to merit the 


higheſt commendations. Meſſrs Arnold, Kendall, 
Mudge, and other eminent Engliſh artiſts, have 
allo made great improvements in this uſeful art; 
and furniſhad a number of excellent chronome- 
ters, which are now held in univerſal eſteem. 

By a new ac, however, which was made in the 
year 1774, the greateſt reward which can now 
be obtained for the diſcovery of the longitude, 
either by this, or any other method, is 10,0001. 
and all time- pieces, which are offered for this 
purpoſe, in future, are enjoined a more rigorous 
trial, / 

If a watch, or time-keeper, like thoſe above- 


mentioned cannot be procured, we have another 


method for finding the longitude of places, 
-afforded us by eclipſes of the moon. For ſince 
the moon has no light but what fhe receives 
from the ſun, and the earth at thofe times 
is interpoſed between them, ſhe muſt, of courſe, 


be deprived of that light, and become obſcure. * 


And as this obſcurity is always real, and ariſes 
from her being an opaque body, it is plain that 
the phxnomenon may be ſeen from every part 
of the earth, where the moon is above the 
horizon of the place at the time the eclipfe 
happens. This, therefore, is preciſely the thing 
wanted; ſince any ,appearance that can be ob- 
ſerved at two diſtant places, at the fame moment 
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of abſolute time, will enable us to compare the 
time as it is reckqned at thoſe places, and, by 


that means, to find the meridians under which 


they are ſituated. 
The moment when the moon begins to be 
obſcured, by entering into the earth's ſhadow, is 


called the beginning of the eclipſe; and the 


moment when ſhe leaves the ſhadow, the end. 
And if both theſe be properly obſerved, and a 

mean be taken between them, this mean time is 
called the middle of the eclipſe. The moon 1s 
ſometimes entirely hid by the earth's ſhadow, 
and is then quite inviſible. This is a total eclipſe 
of the moon; and, in this caſe, the moment 
when ſhe begins to diſappear, is called the be- 
ginning of total darkneſs; and the moment 
when the begins to appear again, the end. But 
when only a part of the moon is obſcured, the 
eclipſe is called a partial one; and we have then 
only to obſerve when 1t begins and ends. It is 
alſo to be remarked, that theſe eclipſes happen 


only about the time of the full moon, and even 


then not often. 
From theſe circumſtances it will n— ap- 
pear, that if an eclipſe of the moon be obſerved 


at any two places which lie under the ſame me- 
ridian, the clocks of thoſe places, ſuppoſing them 


to be perfectly true, will ſhew either the be- 


ginning or the end of the eclipſe at the ſame 


time; but if the two places lie under different 
M 4 meridians, 
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meridians, the clocks of thoſe places will ſhow 
the beginning or end to be at different times, 
according to their ſituations. An eclipſe of the 
moon, therefore, being obſerved from any two 
places whatever, will furniſh us with the means 
of diſcovering the longitude of thoſe places. If, 
for inſtance, the time-pieces of one place, ſhow 


the beginning of the eclipſe to be at twelve 


o'clock, and the time- pieces of the other, at one, 
the diſſerence of longitude between theſe two 
places will evidently: be fifteen degrees; and ſo 


on, in the ſame proportion. 


It will be neceſſary to remark, however, that 
theſe obſervations mult be compared with thoſe 
made at a place whoſe longitude is known, be- 
fore we can determine the meridian under which 
So that if I am upon ſome 
unknown part of the globe, the longitude of 
which I am deſirous of diſcovering, and have 
an opportunity of making obſervations on an 
eclipſe of the moon, theſe obſervations will be 
of no ſervice to me, unleis I can compare them 


with thoſe made at London, or ſome other place 
whoſe ſituation is known. Some farther aſſiſt- 


ance is therefore requiſite; for if I am obliged 
to wait till I return to London, it would not 
anſwer my purpoſe, as want to inform e 
upon the ſpot. 

To obtain this information, we a have re- 
courſe to the theory of the moon, which is now 


ſo 
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ſo well underſtood, that we are not only able to 
foretel all the lunar eclipſes that will happen in 
any given time, but can alſo calculate the be- 
ginning and end of thoſe eclipſes to the greateſt 
degree of preciſion. In moſt of our common 
almanacs, they may be found according to the 
time at which they will happen at London; and 
in ſome other performances of this kind, they 
are computed for ſeveral years to come. In 
order, therefore, to find the longitude of any 
unknown place, in which I may happen to be, I 
have only to provide myſelf with one of theſe 
almanacs ; and by comparing the time of the 
beginning or end of an eclipſe, with the time as 
it is calculated for London, I can immediately 
find the difference between the meridian of 
London and that under which I am ſituated. _ 

This method is, however, ſubject to ſeveral 
objections. Eclipſes of the moon happen too 
ſeldom to be of any great ſervice at ſea; and, 
therefore, as the mariner is almoſt conſtantly in 
want of information, he muſt make uſe of ſome 
other means for obtaining it. Beſides this, the 
beginning and end of an eclipſe cannot be diſtin- 
guiſhed with ſuflicient exactneſs to be of any 
great uſe at ſea; for as they arrive almoſt inſen- 
ſibly, it frequently happens, that we cannot be 
ſure of having obtained the true time, to within 
leſs than two or three minutes. But as the 
error mult be nearly the ſame for the 9 
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as the end, it may, in ſome meaſure, be avoided, 
by taking the mean time between the two ob- 
ſervations, and comparing 1t. with that ſhewn 

; by the ane. ; 
FEclipſes of the ſun, and occultations of the 
fixed ſtars, may likewiſe be employed for de- 
termining the longitude of places; but in a dif- 
ferent manner from thoſe of the moon, and by 
means of calculations that are too difficult and 
perplexing to admit of a familiar explanation. 
The reaſon of which is, that the ſun is ſubject 
to no real deprivation of his light, but is only 
partially obſcured by the inter poſitive of the 
moon, which being now between the ſun and 
the carth, prevents his rays from reaching us as 
at other times. The moon, likewiſe, appears to 
obſcure the ſun only to the inhabitants of ſome 
particular places, ſo that a ſolar eclipſe may fre- 
quently be obſerved at London, while at Paris 
there is not the leaſt indication of ſuch a phæno- 
menon. On the contrary, the moon is really 
deprived of her light, by the interpoſition of the 
earth, and, conſcquently, an appearance of this 
kind, may be ſeen at all places, where the moon is 
above the horizon at the time the cclipſe happens. 
From what has been ſaid, you will eaſily per- 
ceive, that if any other of the celeſtial bodies 
were, from time to time, really deprived of their 
light, they might be employed to determine the 
longitude of places with the ſame ſucceſs as 
| eclipſes 
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echpſes of the moon. The ſatellites of Jupiter 
are bodies of this kind, whoſe eclipſes afford us 
more frequent means of information than thoſe 
of the moon : they paſs ſo often into the ſhadow 


of that planet, that there is ſcarcely a night in 
-which one or other of them is not eclipſed ; and 


as they appear and diſappear almoſt inſtantane- 
ouſly, the time of the phænomenon, by means 


of a good teleſcope, may be much more accu- 
rately obſerved. The firſt and ſecond ſatellites 


are eſteemed the beſt for this purpoſe ; for, be- 
ſides that their theories are more accurately 


ſettled, ther are quicker in their motions than 


either of the reſt, and will, therefore, be more 
frequently eclipſed. | 

Jupiter, as I have already informed you, has 
four ſatellites, or moons, which revolve round 


him in different orbits, in the ſame manner as 


the moon revolves round the earth. A ſimple 


inſpection of Fig. 13. Plate IV. will give you a 


perfect idea of the manner in which theſe ſatel- 


lites are eclipſed. S repreſents the ſun, ] Jupiter, 


SS his ſhadow, and 1, 2, 3, 4, the ſatellites, ac- 
cording to the order in which they move. When 


either of them enters into the ſhadow SS, it 


becomes immediately inviſible; and the moment 


when it diſappears, is called the immerſion of 
that ſatellite. After being for ſome time totally 


hid from our ſight, it again inſtantly appears, on 
the contrary ſide of the ſhadow; and the moment 
* when 
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when it becomes viſible, is called the emerſion 


of the ſatellite. 


The immerſions and emerſions are both equally 
proper for determining the longitude ; for as 


the appearances are the ſame at all places, where 


Jupiter is at a ſufficient height above the horizon, 
the difference of time ſhewn by the clocks and 
watches of thoſe places, at the moment when 


either of the appearances are obſerved, will 


thew the meridians under which they are 
ſituated. We have tables, ready calculated, to 
ſhew the time when theſe eclipſes will happen, 
for the meridian of Greenwich, to a great de- 


gree of preciſion. Suppoſe now, an obſerver, 
who is provided with theſe tables, a good te- 


leſcope, and a well regulated clock, has an op- 


portunity of obſerving either the beginning or 
end of an eclipſe of one of Jupiter's moons, 
from any part of the earth, where he may hap- 


peu to be; he has only to note the preciſe time 
when the ſatellite immerges into, or emerges 
out of Jupiter's ſhadow, and this time, compared 


with that which is ſhewn by the tables for 


Greenwich, will give the longitude required. 
Theſe eclipſes are very convenient for finding 
the longitude at land, becauſe they happen 
almoſt every day when Jupiter is viſible ; but 
unfortunately they arc but of little uſe at ſea, 
where a knowledge of this kind is moſt wanted; 
the rolling of the ſhip rendering it impoſſible ta 
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make nice teleſcopical obſervations with any 


degrec of accuracy. If we could ſee the ſatel- 
lites of Jupiter with the naked eyc, as well as 
we can the moon, the method would be attend- 
ed with no difficulty; it might be practiſed by 
any common failor on board, and the longitude 
would then be found with nearly as much eaſe 
and certainty as the latitude. We have ſeveral me- 
thods for finding the apparent time at any place 
by celeſtial obſervations; and if a good pocket 
watch be previouſly regulated by theſe means, 
the difference between the time when the pha- 


nomenon happens, as ſhewn by the watch, and 


the time as ſhewn by the tables, being converted 
into degrees, by allowing 15 to an hour, wall 
give the longitude of the place from London. 
Several attempts have been made to adapt 
teleſcopes to the purpoſes of marine obſervations, 
but they have all hitherto failed of ſucceſs ; and 
there is reaſon to fear, that the obſtacles which 
ſtand in the way of this improvement are ſuch 
as cannot be removed. One of the methods 
which have been propoſed for rendering the 
uſe of the teleſcope eaſy on board a ſhip, is by 
fixing a chair, in ſuch a manner that it ſhall 


not be agitated by the motions of the veſſel; and 


if this could be accompliſhed, it would then be 
as eaſy to obſerve an eclipſe at ſea as at land. 
The late ingenious Mr. Irwin, contrived a ma- 


_ chine of this * and laid claim to the par- 
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lamentary reward, offered for the diſcovery of 


the longitude ; but as it was judged to be de- 
fective, his hopes were diſappointed, and his 
invention of courſe neglected. | 
Such are the difficulties with which this im- 
portant ſubject is perplexed and embarrailed, 
that all the reſources of art and genius have 


hitherto been ineffectual to remove them. By 


applying to the heavens, however, we have 
another method afforded us, which, although 
it be attended with ſome difficulties, is that 
in which aſtronomers at preſent have the greateſt 


confidence, and hopes of ſucceſs. This method 


is likewiſe derived from obſervations on the 
moon, not when ſhe 1s eclipſed, but at any time 
whatever, when ſhe is viſible above the horizon 
of the place where the obſervations are to be 


made. Eclipſes of the moon happen too ſeldom 


to be of any great ſervice at ſea, and the planet 
Jupiter ts, for a great part of the year, inviſible; 
but the moon is almoſt continually offering her- 
ſelf to our view. This method, therefore, ap- 
pears to be better adapted to general uſe than 
any that has yet been diſcovered. 

The moan rites about three quarters of an 
hour later every. day than upon the preceding 
one; and as the changes her place conſiderably, 
from day to day, among the ſtars, theſe changes 
become proper for determining the longitude. 
If, for inſtance, the moon be obſerved to day to 


be ncar any ſixed ſtar, ſhe will appear to- morrow, 
| | FE 
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at the ſame hour, to be at a conſiderable diſtance 
from it, towards the eaſt; and, therefore, this 


motion, which, in ſome caſes, is more than 15 de- 


grees in a day, will ſerve to mark any ſmall 
portions of correſpondent time with ſufficient 
exactneſs. Now if the diſtance of the moon 
from any fixed ſtar, together with the exact 
time, be obſerved at ſea, and the time when it 
has the ſame diſtance be computed for the me- 
ridian of Greenwich, the difference between the 
computed time and the obſerved time, being 


turned into degrees, minutes, &c. will give the 


difference of longitude required. 
In the Nautical Almanac, a work printed un- 
der the authority of the commiſſioners of longi- 


tude, for the purpoſe of facilitating aſtronomi- 


cal computations, the diſtances of the moon 
from the ſun, and from certain fixed ſtars, are 


ready computed for every day at noon, and 


every three hours afterwards, for the meridian 
of Greenwich; with a rule for finding the time, 
anſwering to any given diſtance whatever. Sup- 
poſe now, that I am at ſea, and want to find the 
longitude of the place I am in: I chuſe ſome 
remarkable fixed ſtar, whoſe name and ſituation 
is known, and find, with 2 quadrant, the angular 


diſtance between that-ſtar and the moon; and by _ 


a watch, previouſly regulated for that purpoſe, 
the exact time when the obſervation was made, 


This being done, I look into the almanac, and 
2 find 
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find what time it is at Greenwich when the 
moon and ſtar have the ſame diſtance ; and this 
time, being compared with the time of obſerva- 
tion, will, by allowing 15 degrees to an hour, 
give the longitude of the place required. 

The names and places of the brighteſt fixed 
ſtars, are to be found in the . Tables requiſite to 
be uſed with the Nautical Almanac,” together 
with the methods made uſe of for obtaining 
their true diſtances from the moon at the time 
of obſervation. For it is to be noted, that the 
diſtance found by the quadrant, is not that which 
is to be uſed in determining the longitude, but 
the diſtance as it would appear to a ſpectator 
placed at the earth's center. This is the diſtance 
as it is computed for Greenwich; and in order 
that they may agree, it muſt be determined in 
the ſame manner for the place of obſervation. 
The neceſſity of theſe operations, will be ſuffici- 
ently obvious from the conſideration of the 
earth's being a globe; but as the calculations 
upon which they depend, are deduced from the 
principles of ſpherical trigonometry, they can 
only be underſtood by thoſe who have a know- 
ledge of that ſubject. 

This laſt method of finding the longitude, 
which i is founded upon obſervations of the moon, 
is, by the general conſent of aſtronomers, the beſt 
that has yet been diſcovered. And though it may 
not be eafily practiſed by every common mariner, 

= yet 
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yet to a perſon of {kill and abilities, the time 
and labour it requires are the principal objec- 
tions againſt it. But as the ſucceſs of any me- 
thod, muſt depend upon the accuracy with 
which it can be practiſed, it may not be amiſs 
to give you ſome idea of the degree of preciſion 
that we may hope to obtain in finding the lon- 
gitude from lunar obſervations; or, which is 
the ſame thing, by taking the diſtance between 
the ſun and moon, or between the moon and 
ſome noted fixed ſtar, | 

In the firſt place then it may be obſerved, that 
the moon's daily motion in her orbit being about 
thirteen degrees, her hourly mean motion is 
about half a degree, or one minute of a degree 
in two minutes of time; ſo that if an error of 
one minute be committed in calculating the place 
of the moon, it will produce an error of two 
minutes in time, or half a degree of longitude. 
If the motion of the moon was more rapid than 
it is, it would afford us the means of attaining 
| ſtill greater degree of perfection; and, on the 
contrary, if her motion was flower, fo that we 
could ſcarcely diſcern her change of place from 
one day to another, we could receive no advan- 
rage from it in diſcovering the longitude. 

It was not till within half a century pſt, that 
aſtronomers were able to calculate the place of 
. the moon to within leſs than ſix or ſeven minutes 
of the truth; and chis error was ſo conſiderable, 

| Es that 
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that no uſe could be made of lunar obſervations 
in diſcovering the longitude, either at ſea or 
land. Sir Iſaac Newton was the firſt who diſ- 
covered the true cauſe of the inequalities in the 
moon's motion, which before his time were 
conſidered as inexplicable; and the late Profeſſor 
Mayer of Gottingen, following the theory of 
Newton; has formed a ſet of lunar tables, ſo 
accurate and pertect, that the place of the moon 
may be determined in any part of her orbit, to 
within a minute of the truth at leaſt. | 
But, beſides the error here noted, ſeveral 
others will be apt to ariſe from the inſtrument 


and the obſervations. The moſt experienced 
obſerver cannot be ſure that he has obtained the 


true lunar diſtance to within leſs than half a 
minute of the truth at leaſt, and this, joined to 
the former one, will produce in the whole a 
miſtake of three minntes in time, which is equi- 
valent to three quarters of a degree of longitude. 
It will, however, conduce to a ſtill greater de- 
gree of accuracy, if the moon's diſtance be taken 
from two ſtars, or from the ſun and a ſtar on 
each fide of her, as often as opportunity per- 
mits ; for as the imperfections of the inſtrument, 
as well as unavoidable ſmall errors which attend 
the uſe of it, have a natural tendency to correct 
cach other, the mean reſult, ariſing from theſe 
different obſervations, will generally be much 

= | | | nearer 
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nearer the truth than if either of them be taken 
ſeparately. | = 1 
This method of determining the longitude, by 
means of the moon's diſtance from the ſun and 
certain fixed ſtars, was firſt recommended, for 
its ſuperior excellence, by the celebrated Dr. 
Edmund Halley, and has ſince been adopted 
by all the moſt eminent aſtronomers in Europe. 
The perfection, however, to which it is now 
arrived, is, in a great meaſure, owing to the 
exertions of Dr. Maſkelyne, the preſent Aſtro- 
nomer Royal, to whom we are indebted for 
the publication of the Nautical Almanac, the 
Requiſite Tables, and ſeveral other uſeful per- 
formances, which have been found of the utmoſt 
ſervice to Navigation. | 
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Or THE DIFFERENT LENGTHS OF DAYS AND NIGHTS, | 
i AND THE VICISSITUDES OF THE SEASONS. - 9855 


ATURE is always grand in her deſigns, 
but frugal in the execution of them: 
ſublimity and ſimplicity are the ſtriking cha- 
racteriſtics of her workmanſhip. From a few 
ſimple principles ſhe produces the moſt aſtoniſh- 
ing effects, and charms us no leſs by the infinite 

diverſity of her operations, than by the ſkill and 
contrivance which are manifeſted in the per- 
formance of them. The ſun, moon, planets and 
ſtars, are all governed by the ſame invariable 

laws; the ſingle principle of gravitation per- 
vades the whole univerſe, and puts every ſpring 
and wheel of it in motion. From the indiſ- 
cernible atom, to the vaſt and immeaſurable lu- 
minaries of heaven, every thing is ſubject to its 
dominating influence; and from this active, in- 
viſible, and invigorating agent, proceeds all that 
order, harmony, beauty, and variety, which ſo 

7 eminently diſtinguiſhes the works of creation. 

But of all the effects reſulting from this ad- 
mirable ſcene of things, nothing can be more 
pleaſing 


and the regular return of the ſeaſons. 
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pleaſing and agreeable to a philoſophic mind, 
than the alternate ſucceſſion of day and night, 
> 


“Sweet is the breath of morn, 
« And ſweet the coming on of gratefulevening mild.” 


When the ſun firſt appears in the horizon, all 
nature is animated by his preſence; the magni- 


ficent theatre of the univerſe opens gradually 


to our view, and every object around us excites 
ideas of pleaſure, admiration and wonder. Af- 


ter © riding in all his brightneſs” through the 


vault of heaven, he is again hid from our light, 
and we are now preſented with a new ſpectacle 
of equal grandeur and ſublimity. The heavens 
ale « on a ſudden covered with innumerable ſtars ; 
e the moon riſing in clouded majeſty, unveils 
her peerleſs light;“ whilſt the filent ſolemnity 
of the ſcene, fills the mind with ſentiments and 
ideas beyond the power of language to expreſs. 
Variety is the ſource of every pleaſure; and 


the bountiful Author of nature, in the magniſi- 


cent diſplay. of his wiſdom and power, has af- 
forded us every poſſible means of entertainment 
and inſtruction. What a pleaſing ſucceſſion of 


| ſcenes reſults from the gradual viciſſitudes of the 


ſeaſons? Summer, winter, ſpring and autumn, 
lead us inſenſibly through the varied circle of 
the year; and are no les pleaſing to the mind, 
than neceſſary towards btinging to maturity the 
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various productions of the earth. Whether the 
ſun flames in the ſolſtice, or pours his mild ef- 
fulgence from the equator, we equally rejoice in 
his preſence, and. bleſs that omniſcient Being 
who gave him his appointed courſe, and pre- 
ſcribed the bounds which he Fa never pals. 

Theſe phxnomena depend upon the moſt ſim- 
ple and evident principles; and as you will na- 
turally be deſirous of knowing in what way they 
are effected, I ſhall omit all further digreſſions, 
and proceed immediately to the illuſtration of 
the ſubject. In the ſirſt place, then, it is to be 
obſerved, that the alternate ſucceſſion of day and 
night is occaſioned merely by the uniform rotation 
of the earth upon its axis. For, as the globe turns 
regularly round upon this imaginary line, once 
in every twenty-four hours, and only one half 
of it can be illuminated at a time, it is evident 
that any particular pace will ſometimes be turned 
towards the ſun, aud ſometimes from it, and 
being conſtantly ſubje& to theſe various poſi- 
tions, will enjoy a regular return of light and 
darkneſs ; as long as the place continues in the 
enlightened hemiſphere it will be day, and when, 
by the diurnal rotation of the earth, it is carried 
into the dark hemiſphere, it will be night. 

The motion of the earth upon its axis, is 
from welt to eaſt; and this occaſions an appa- 
rent motion of the celeſtial bodies in a contrary 
direction. The ſun, for inſtance, ſeems to make 
. his 
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his daily progreſs through the heavens from the 
eaſt. towards the weſt ; but this is an optical 
fallacy, ariſing from the oppolite motion of the 
earth : for a ſpectator being placed in any part 
of the dark hemiſphere, will, by the rotation 
of the earth upon its axis, be brought gradually 
into the enlightened one; and as the ſun firſt. 
appears to him in the caſt, it will ſeem to aſcend 
higher and higher towards the weſt, in propor- 
tion as the ſpectator moves in a contrary direc- 
tion towards the eaſt: ſo that whether the earth 
turns round upon its axis once in twenty-four 
hours, or whether the ſun and all the other 
celeſtial bodies, move round the earth in that : 
time, the appearances will be exactly the ſame. 
Every planet, on which obſervations have 
been made, is found to have a revolution upon 
its axis; and as this revolution is the cauſe 
of a conſtant ſucceſſion of day and night to 
every part of their ſurfaces, ſo an inclination of 
the axis of any planet to the plane of its orbit, 
occaſions the viciſlitudes of the ſeaſons. Thus, 
Jupiter, whoſe axis is nearly perpendicular to the 
plane of his orbit, has equal days and nights con- 
tinually, from one pole to the other; their length 
being each four hours and twenty-eight minutes: 
but Venus, the Earth, and alſo Mars, according 
to the late diſcoveries of Mr. Herichel, having 
their axes inclined to the planes of their orbits, 

in an angle coniiderably leſs than that of 90 
| N 4 | degrees, 
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degrees, are ſubject to an annual change of their 
ſeaſons, and a great variety in the length of their 


days and nights. 


As only one half of the globe can be en- 
lightened at a time, the circle which is the 
boundary of light and darkneſs may. be called 
the terminator ; and it is evident, from a flight 
conſideration of the ſubject, that if the axis of 
the earth was perpendicular to the plane of its 
orbit, the terminator would paſs through the 
two poles, and divide each of the {mall circles, 
which are drawn parallel to the equator, into 


two equal parts. And as the uniform rotation 


of the earth upon its axis, muſt occaſion every 
place to deſcribe equal parts of one of theſe 
parallel circles in equal times, the days and 
nights would of courſe, be equal all over the 
globe, except at the poles, where the ſun would 
neither riſe nor ſet, but remain continually in 
the horizon. 2 | | 

But, on the contrary, if the axis of the earth 


be inclined to the plane of its orbit, all the 


parallels, except the equator, will be divided 
by the terminator, into two unequal parts, hav- 


ing a greater or leſs portion of their circum- _ 


ferences in the enlightened, than in the dark 
hemiſphere, according as their ſituation is 
towards the north or ſouth poles of the world. 
So that all thoſe places which lie under the 
northern parallels, will have their days longer 

: than 
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chan their nights; and on the contrary, thoſe 


places which lie under the ſouthern parallels 


will have their nights longer than their days; 
whilſt at the equator, the days and nights will 


be continually equal to each other. 


And if the inclination . of the axis be re- 


' verſed, the parallels will be ſtill unequally di- 


vided by the tefminator, but the phænomena 
will be directly the contrary ; all thoſe places 
which lie under the ſouthern parallels, will 
have their days longer than their nights; and 
thoſe places which lie under the northern pa- 
rallels, will have their nights longer than 
their days; whilſt the days and nights at the 
equator will be equal to each other, the ſame 
as before. And, as the diſproportion i is greateſt 
in the higher latitudes, it is evident, that in 
either of theſe two poſitions of the earth, all 
thoſe places which lie about the poles, muſt 
enjoy either a conſtant day or a conſtant night, 
fince the diurnal rotation of the earth never car- 
ries them into the oppoſite hemiſphere. 

Theſe obſervations being properly attended 


to, it will be eaſy to account for all the inequa- 
ülties in the length of days and nights, and the 
change of ſeaſons which ariſes from them. For Plate ve 


this purpoſe, let S repreſent the ſun, A B C 


D the earth's orbit, NS her axis, and the 


figures diſtinguiſhed by the months March, June, 
September and December, four different poſiti- 
N | ons 
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ons of the earth in her annual motion round 
the ſun. Then, ſince it is known from obſer- 
vation, that the axis of the earth is always di- 
rected to nearly the fame fixed point in the 
heavens, it will conſtantly preſerve the ſame 
poſition, and be always in a ſituation nearly 
parallel to itſelf, in whatever part of her orbit 
the earth may be in the courſe of her journey 
round the ſun. 

Suppoſe now, the earth to be in the ſituation 
which is repreſented by the month March; 
then, becauſe a right line joining the centers of 
the ſun and carth, will cut the ſurface of the 
earth in the equator, the terminator will pals 
through the two poles, and the days and nights 
will conſequently be equal all over the globe. 
But when the earth, by its annual motion, is 
carried farther in its orbit towards A, the north 
pole N, of the-axis, ſtill continuing to obſerve 
the ſame parallel ſituation, will advance into the 
enlightened hemiſphere, and, in the month of 
June, will be about twenty-three degrees and 
a half diſtant from the terminator, the ſouth 
pole being at the ſame diſtance in the dark he- 
| here. In the month of June, therefore, 
the northern parts of the earth will enjoy long 
days and ſummer, whilſt the ſouthern parts will 
have ſhort days and winter. 

During the interval between the time of equal 
days and nights in March, which is called the 

ne 
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Vernal Equinox, and the time when the day is 
the longeſt in June, which is called the Summer 
Solſtice, the north pole will have deſcribed a 
quarter of a circle in the enlightened hemiſphere, 
and will then be at its greateſt diſtance from the 
boundary of light and darkneſs. And whilſt 
the earth moves forward in its orbit towards B, 
the days will gradually ſhorten, till it arrives at 
the poſition denoted by the month September, 
when, as the north pole has now deſcribed the 
other quarter of the circle, the terminator will 
again paſs through the two poles, and the days 
and nights will be equal, the ſame as before. 
This laſt ſituation of the earth is called the 
Autumnal Equinox, and the ſeaſon is now a 
medium between ſummer and winter. And as 
the earth proceeds forwards in her orbit towards 
D, the days will ſhorten till December, when 
the north pole will be juſt as far in the dark he- 
miſphere as it was in the enlightened one in 
June, at which time it is called the winter ſol- 
ſtice. From the winter ſolſtice, to the vernal 
cequinox, the days will gradually lengthen, as the 
north pole approaches the terminator; and at the 
inſtant when it has again obtained that ſituation, 
the natural year, which conſiſts of three hundred 
and ſixty-five days, five hours, and about forty- 
eight minutes, is exactly completed. 
By the ſame explication, it is eaſy to perceive, 
that the inhabitants of the ſouthern hemiſphere 
muſt 
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mult have the ſame viciſſitudes with thoſe in the 
northern, -but in a contrary order, it being 
winter in one hemiſphere whilſt it is ſummer in 
the other. But leaſt this explanation of the 
ſubject ſhould not be found ſufficiently intelli- 
gible, I ſhall give you one of the moſt ſimple 
experunental illuſtrations of it I have yet ſeen. 


It is taken, with a few alterations, from Fergu- 


ſon's Aſtronomy, where it appears to have been 


ſirſt propoſed. 


.. 


Take about ſeven feet of firoag wire, and 


bend it into the circular form a b cd, which, 


in conſequence of its being viewed obliquely, 


vill appear elliptical, as in the figure. Place a 
_ Lighted candle on a table, and having fixed the 


end of a ilk thread K, to a ſmall terreſtrial globe 
H, of about three inches in diameter, cauſe ano- 
ther perſon to hold the wire circle a 6 c d, fo 
that it may be parallel to the table, and of the 
ſame height with the flame of the candle I, which 

ſhould be nearly in the center of the table, 
Having twiſted the thread towards the left 
hand, fo that by its untwiſting again, it may 
turn the globe caſtward, or contrary to the way 
which the hands of a watch move, ſuſpend the 
globe by the thread, within this circle, almoſt 
contiguous to it; and as the thread untwiſts, 
the globe, which is enlightened half round by 
the candle, as the carth is by the ſun, will turn 
| round 


+ ng HSA 


SV 


* 
- 
. 
* 
4 : | 
[OOTY 
* 
* 
o 
_— — * 
* TT 
I — 
| 7 
o g 1 0 1 
/ F 
9 of 
Att 
19935 
i 
| | Tu 
\ 1 
* 1 
> , 
7 


105 a 


A 


zT. . Mensstrupes or THE szAsD. 189 
| its ax! and the different places upog its 
ſurface, will be carried through the ligh 
dark hemiſpheres, and have the appearance of 
a regular ſucceſſion of day and night, in the 
ſame manner as would take place upon the earth, 
by means of ſuch a motion. 

As the globe turns by the untwiſting of the 
ſtring, move your hand ſlowly round the candle, 
according to the order of the letters a à cd, 
Keeping its center continually eyen with the 
wire circle, and you will perceive that the can- 
dle, being ſtill perpendicular to the equator, ' 
will enlighten the globe from pole to pole, 
through the whole of its motion round the 
circle; and that every place on the globe goes 
equally through the light and dark hemiſpheres, 
as it turns round by the, untwiſting of the 
ſtring, and has, therefore, a perpetual equinox, 
or an equal portion of day and night. 

The. globe turning in this manner, repre- 
| ſents the rotation of the earth upon its axis, 
and the motion of the globe round the candle 
the earth's annual revolution round the ſun; 
and alſo ſhows, that if the axis of the earth 
had no inclination to the plane of its orbit, all 
the days and nights in the year would be 
equally long, and of courſe that there would be 
no variety of the ſeaſons. This. is exactly what 
would take place, if the earth moved in the 
equator inſtead of the ecliptic ; but as that is not 


47 the 
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the caſe, we ſhall now ſee what effects will follow 
from its true motion in the circle Jaſt mentioned. 

Deſire the perſon who manages the wire circle 
to hold it obliquely, in the polition AB CD, raiſ- 
ing the ſide = juſt as much as he depreſſes the 
fide , that the flame may be ſtill in the plane 
of the circle; and, twiſting the thread as before, 
that the globe may turn round its axis the ſame 


way that you carry it roynd the candle, that is, 


from weſt to eaſt, let the globe down into the 
lowermoſt part of the Wire circle at Y; and, if. 
the circle be properly inclined, the candle will 
ſhine perpendicularly on the tropic of Cancer, 


and the frigid zone, lying within the arctic or 
north polar circle, will be entirely in the light, 


as in the figure; and will always continue to be 
fo, though the globe turn round its axis ever ſo 

often. „ . 
In this poſition of tlie globe, it is alſo evident, 
that all the places which lie between the equator 


and the north polar circle, have their days longer 


than their nights; and that all thoſe places 


which lie between the equator and the ſouth - 


polar circle have juſt the reverſe. The ſun does 
not ſet to any part of the north trigid zone, as 
is ſhewn by the candle's continually ſhining on 
it, ſo that the motion of the globe can carry no 
part of that zone into the dark; and, at the 
{ame time, the ſouth frigid zone is involved in 

. darkneſs, 
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darkneſs, and the revolution of the globe can 
bring no part of it into the light. 

If the earth were to continue in the ſame part 
of its orbit, the ſun would never ſet to the in- 
habitants of the north frigid zone, nor riſe to 


thoſe of the ſouth frigid zone. At the equator 
it would always be equal day and night; and at 


places more diſtant from the equator, towards 


the arctic circle, they would have their days 


longer than their nights, whilſt thoſe on the 
ſouth ſide of the equator would have their ni ights 
longer than their days; ſo that in this caſe, 
there would be continual ſummer on the north 
ſide of the equator, and continual winter on the 
ſouth fide of it. 


But as the globe turns round its axis, move 
your hand ſlowly forwards, ſo as to carry it 
from H towards F, and the boundary of light 
and darkneſs will then approach towards the 
north pole, and recede from the ſouth pole; the 
northern places will go through lefs and leſs of 
the light, and the ſouthern places through more 
and more of it ; which ſhews how the northern 
days decreaſe in length, and the ſouthern days 
increaſe, whilſt the globe proceeds from H to E. 

When the globe is at E, it is at a mean ſitua- 
tion between the loweſt and highelt parts of its 
orbit; the candle is directly over the cquator 


the boundary of light and darkneſs juſt reaches 


to both the poles ; and all places on the globe 
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&o equally through the light and dark hemi- 
ſpheres; which ſhews that the days and nights 
are then equal on every part of the earth, the 
poles only excepted ; and there, it is evident, 
the ſun is ſetting to the north pole, whilſt he is 
riſing to the ſouth pole. | 

Continue moving the globe forward, and as 
it goes through the quarter A, the north pole 
will recede farther into the dark hemiſphere, and 
the ſouth pole advance more into the light, as the 
globe comes nearer to S ; and when the center 
of it is at F, the candle will be directly over the 
tropic of Capricorn; ſo that the days are then 
at the ſhorteſt, and nights at the longeſt in every 
part of that hemiſphere, from the equator to the 
arctic circle; and the reverſe in the ſouthern 
| hemiſphere, from the equator to the antarctic 
circle ; within which circles, it is dark to the 
north frigid zone, and light to the ſouth. 

Continue both niotions as before, and as the 
globe movel through the quarter B, the north 
pole advances towards the light, and the ſouth 
pole recedes towards the dark; the days lengthen 
in the northern hemiſphere, and ſhorten in the 
ſouthern ; and when the globe comes to G, the 
candle will be again over the cquator, as it was 
at E, and the days and nights will be equal the 
fame as before; ſo that the north pole will be 
Juſt coming into the light, and the ſouth pete 
going out of it. 


From 
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From this'experiment, we ſee the reaſon why 
the days lengthen and ſhorten from the equa- 
tor to the polar circles every year; why there 
is ſometimes no day nor night for many revolu- 
tions of the earth, within the polar circles; and 
why the days and nights are equally long all the 
year round at the equator, which is always 

. equally cut by the terminator, or the circle which 
is the boundary of light and darkneſs, —All this 
beautiful variety is occaſioned by the inclination 
of the earth's axis to the plane'of its orbit. 


Some ſay he bid his angels turn aſkance 
The poles of earth twice ten degrees and more 


F rom the ſun's axle: they, with labour, puſh'd 
Oblique the central globe,” 


| MilToN. 'Y 
The earth's orbit being elliptical, and the ſun "Fe | i 
conſtantly keeping in the lower focus, which is | 1 


about 1,377,000 miles from the center, the earth 
will, therefore, be 2,754,000 miles nearer to the 
ſun, at one time of the year than at another; 
and as the ſun appears conſtantly larger, or un- 
der a greater angle in winter than in ſummer, 
it is evident that the earth muſt be nearer to the 
ſun in the former ſeaſon than in the latter. 
But here this queſtion will naturally ariſe; Why | 
Have not we the hotteſt weather when we are = 
neareſt to the ſun? The earth is above two * 
millions of miles nearer to the ſun in December | 
than it is in June, and yet in June it is the 

| O middle 
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middle of ſummer, and in December the depth 
of winter; this ſeems a paradox. 

In e to this apparent contradiction, it 
may be obſerved, that the excentricity of the 
earth's orbit, or 1, 377, ooo miles, bears no 
greater proportion to the earth's mean diſtance 
from the ſun, than 17 does to 1000, and there- 
fore can occaſion but little difference in the heat 
and cold of different ſeaſons. But the principal 
cauſe of this difference is, that the ſun's rays, in 
winter, fall ſo obliquely upon us, and have ſo 
large a portion of the atmoſphere to paſs 
through, that they come with leſs force, and 
| ſpread over a larger ſpace than they do in ſum- 
mer, or when the ſun is at a greater height above 
the horizon. In the winter long nights, we have 
alſo a greater degree of cold than can be com- 


penſated for by the return of heat in the ſhort 


days; and on both theſe accounts the cold will 
' be much increaſed. Whereas in ſummer, the 
ſun's rays deſcend more perpendicularly upon 
us, and therefore fall with a greater force, and 
in a greater quantity, upon any particular place, 
than when they come more obliquely. The ſun 
is alſo much longer above the horizon than in 
winter, and, conſequently, a greater degree of 
heat will be imparted by day, than can fly off 
by night, ſo that the heat, on all theſe accounts, 
will continue to increaſe. 
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Or TAE NATURAL AND ARTIFICIAL DiytsIONS 
| : OF TIME. 


IHE more we extend our views, the more 
we are perplexed and embarraſſed. Things 
which once appeared the moſt familiar to our un- 
derſtandings, are now hid under an impenetrable 
veil, and become totally myſterious and inex- 
plicable. Education is a new birth to man; 
but, with all the advantages that art and nature 
can beſtow, he is ſtill a limited and confined be- 
ing. Numberleſs are the queſtions that may be 
- put to the moſt profound philoſopher, which, if 


he be ingenuous, he muſt confeſs his entire in- 


ability to reſolve. What, for inſtance, is time, 
ſpace, matter, or motion? Every one, who ſpeaks 
of thele things, imagines himſelf to be clearly 
underſtood, even by the moſt illiterate ; and yet 
if you require an explanation of the queſtion, 


no one is able to give a rational anſwer to it. 


If nobody aſks me, ſaid St. Auguſtine, what 
time is, I know ; but if any body aſks me, I do 
not know. Another philoſopher being defired 


to explain the nature of motion, got up and 


walked. I cannot define it, ſaid he, but PI 
ſhew you the thing itſelf. But of all the de- 
| O 2 finitions 
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finitions that ever were given of motion, that 
of Ariſtotle is the moſt curious; who tells us 
that it is © the act of a being in power, as far as 


it is in power; which, as Mr. Locke obſerves, 


is ſuch jargon, as would puzzle any rational 
man, who had not before heard it, to gueſs 
what word it could poſlibly be meant to explain. 

Mr. Leibnitz defines time to be“ an order of 
ſucceſſions, as ſpace is an order of coexiſtences;” 
and Hobbs, who is {ill more refined in his no- 
tions, calls ſpace the“ phantaſm of a thing ex- 
iſling, as exiſting.” What ſort of ſatisfaction 
or conviction, theſe definitions afford the mind, 
you will readily perceive, by confulting your 


_ own boſom. The fact is, they are wholly un- 


intelligible, and inſtead of conveying any clear 
ideas of the ſubject, ſerve only to render our 
ſimple and common notions of it more perplex- 
ed and obſcure. No knowledge can- be ob- 
tained from a definition, but when the terms 


made uſe of in the explication of it, are better 


underſtood than the thing, itſelf; and that this 
is not the caſe in the preſent inſtance, is pretty 
obvious. The nature of time, 1s, indeed, ſo in- 
tricate, that, to me, it appears incapable of ad- 
mitting a clear and explicit definition. We muſt 
explain it by means of the terms ſpace, matter 
and motion, and theſe are all equally myſterious 
and ambiguous. 


The 
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The notion we attempt to form of Eternity, 
has ever been conſidered as one of the moſt per- 
plexing and embarraſſing conceptions of the 
human mind; but ſome modern ſpeculators in 
metaphyſical ſubtilties, pretend that there is no- 
thing of which we have a more clear and deter- 
minate idea; and, with reſpect to time, they 
deny that there is any ſuch thing; it being, as 
they ſay, only a particular modiſication of eter- 
nity, and has no diſtinct, conceivable exiſtence, 
independent of the ſubject of which it is an at- 
tribute or property. This is as much as to ſay, 
that finitude is more incomprehenſible than in- 
finitude ; and that motion, which is the meaſure 
of time, cannot be conceived without it be firſt 
| repreſented to the mind as being perpetual. 

Dr. Young, in his melancholy rhapſody the 
Night Thoughts, has ſome curious poetical ideas 
upon this ſubject: he calls time heaven's ſtranger, 
and repreſents it as being born at the creation of 
the world, 


That memorable hour of wond'rous birth, 
When the dread Sire, on emanation bent, 
And big with nature, riſing in his might 
Call'd forth creation, (for then time was born) 
By godhead ſtreaming through a thouſand worlds. 


And again: 
From old eternity's my ſterious orb, 


Was time cut off, and caſt beneath the ſkies; ; 
O 3 b The 
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The ſkies, which watch him in his new abode, 
Meaſuring his motions by revolving ſpheres; | 
That horologe machinery divine. 
Hours, days, and months, and years, his children, play 
Like numerous wings around him, as he flies: | 
Or rather, as unequal plumes, they ſhape 

l ample pinions, ſwift as darted flame, 
To gain his goal, to reach his ancient reſt, 
And join anew eternity his lire. 


What is to be underſtood from this tes it 
is not eaſy to ſay. The book, however, con- 
tains much better things ; ſome of his thoughts 
being highly ſublime and poetical : but his phi- 
loſophical notioas are, in general, affectedly my- 
ſterious and obſcure. 

] have mentioned theſe things, merely to ſhew 
you what inſuperable difficulties we have to en- 
counter, when we attempt to carry our ſpecula- 
tions and enquiries beyond their aſſigned bounds. 
Properties and effects are all that we are ac- 
quainted with : the nature and cauſes of things 
are entirely hid from us, and it is in vain to 
ſeek after them. The great Maclaurin, whoſe 
mind was as elegant and refined, as it was pene- 
trating and comprehenſive, does not, whilſt he 
is treating on this ſubject, attempt to give a 
ſtrict and ſcientific definition of time. After 
making a number of judicious obſervations upon 
the certainty we have of our own exiſtence, and 

ne manner in which external objects act upon 
the mind, he expreſſes himſelf as follows. 


5 | & From 
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* From the ſucceſſion of our own ideas, and 
from the ſucceſſive variations of external objects 
in the courſe of nature, we eaſily acquire the. 
ideas of duration and time, and of their mea- 
ſures. We conceive true or abſolute time, to 
flow uniformly in an unchangeable courſe, which 
alone ſerves to meaſure with exactneſs the 
changes of all other things. For unleſs we cor- 
rect the vulgar meaſures of time, which are 
groſs and inaccurate, by proper equations, the 
concluſions are always found to be incorrect and 
erroneous. Time may be conceived to be di- 
vided into ſucceſſive parts that may be leſs and 
leſs without end, though, with reſpect to any 
one particular being, there may be a leaſt ſenſi- 
ble time, as well as a minimum ſenfibile in other 
magnitudes. But however various the flux of 
time may appear to different intellectual beings, 
it cannot be thought to depend upon the ideas 
of any created being whatever.” | 

Time is in a perpetual flux, and periſhing ; 
but a repreſentation of it is preſerved in the 
ſpace deſcribed by motion. As the ſun, there- 
fore, is the moſt conſpicuous body in our ſyſtem, 
and appears to move regularly through the hea- 
vens, his motion is naturally fixed upon as one 
of the propereſt meaſures of time that is afforded 
us by nature. It is by means of his apparent 
diurnal and annual revolutions, that we obtain 
the two grand diviſions of time, into days and 
O4 years ; 
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years; and from thence all the different abs | 
that are at preſent in uſe. The firſt diviſion of 
the day was ſimply into four parts, morning, 
noon, evening and midnight; but as theſe mea- 
ſures are vague and uncertain, art has been 
called in to our aſſiſtance, and has furniſhed us 
with inſtruments, by which we are enabled to 
meaſure ſmall intervals of time with greater 
preciſion. | 

In like manner, by combining the revolutions 
of the ſun and moon we embrace the larger in- 
tervals, and from thence form an idea of thoſe 
grand periods of time, which, by a continual 
and rapid ſucceſſion, have given birth to ſo 
many great events. But as theſe depend upon 
principles, which will be better explained here- 
after, I ſhall content myſelf, at preſent, with 
only pointing out to you ſuch other diviſions, 
as ariſe from aſtronomical conſiderations, and 
which are principally uſed in that ſcience. In 
all civil computations, a day is uſually divided 
into twenty-four hours, reckoning twelye from 
midnight to noon, and twelve from noon to 
midnight again; but an aſtronomical day, is the 
interval between noon and noon, or the time 
elapſed between two ſucceſſive tranſits of the 
ſun's center over the ſame meridian. This day 
is alſo divided into twenty-four hours like the 
former; but inſtead of ſtopping at twelve, as 
in the civil account, aſtronomers always reckon. 
ON 
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on from one to twenty-four, without interrup- 
tion; ſo that, for inſtance, what is called ſeven 
p'clock in the morning of April the tenth, by 
the civil reckoning, is called, by aſtronomers, 
/ April the ninth, at nineteen hours, 
Ihe ſun, as has been already obſerved, appears 
to go round the earth in twenty-four hours, and 
the fixed ſtars in twenty-three hours, fifty-ſix 
minutes and four ſeconds; ſo that they are 
found to gain three minutes and fifty-ſix ſe- 
conds upon the ſun every day; which amounts 
to one diurnal revolution in a year: and, there- 
fore, in three hundred and ſixty-five days, as 
meaſured by the returns of the ſun to the me- 
ridian, there are three hundred and "=" 
days, as meaſured by the returns of the ſtars to 
the meridian; the former of which are called 
Solar days, and the latter ſidereal. This dif- 
ference between the ſolar and ſidereal days, is 
occaſioned by the immenſe diſtance of the fixed 
ſtars; for the earth's orbit, when compared with 
this diſtance, is but as a point; and therefore 
any meridian will revolve from a fixed ſtar, to 
that ſtar again, in exactly the ſame time as if 
'/ the earth had only a diurnal motion, and was to | 
remain for ever in the ſame part of its orbit. 
| | But this is not the caſe with reſpe& to tlie 
| fun; for as the earth advances almoſt a degree 
_ eaſtward in its orbit, in the ſame. time that it 
turns eaſtward round its axis, or completes its 
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diurnal revolution, whatever ſtar paſſes over the 
meridian any day with the ſun, will paſs over 
the ſame meridian the next day when the ſun is 


three minutes and fifty-ſix ſeconds, or near a 
degree, ſhort of it. If the year contained ex- 


actly three hundred and ſixty days, as the ecliptic 
does three hundred and fixty degrees, the ſun's 
apparent place, ſo far as his motion is-equable, 
would change a degree every day; and, in this 
cafe, the ſidereal days would be jutt four mi- 
nutes ſhorter than the ſolar ones. 

This matter may perhaps be made fomerking 
plainer by means of a figure. For this purpoſe, 
let AB CD, &c. be the earth's orbit, in 
which it goes round the ſun every year, from 
weſt to caſt, according to the order of the let- 
ters; and turns round its axis, the ſame way, 
from the ſun to the fun again, in twenty-four 
hours. Let S, in like manner, repreſent the 
ſan, and R a fixed ftar, at ſuch an immenſe diſ- 
tance, that the diameter of the earth's orbit 
bears no ſenſible proportion to that diſtance; 
alſo, in the figure Nu n, which repreſents the 


earth in different points of its orbit, let N n, be 


any particular meridian, and N a given point, 
or place upon the ſurface of the . hing 
under that meridian. 

Theſe things being premiſed, it is plain that 


when the earth is at A, the earth, ſun and ſtar 


vill be all in the ſame right hne; and, conſe- 
quently, 
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quently, as the earth turns round its axis, the 
point N will come to the ſun and ſtar at the 
ſame time. But when the earth has advanced 
through a twelfth part of its orbit, from A to B, 
its motion round its axis will bring the point N 
a twelfth part of a day, or two hours, ſooner 
to the ſtar than to the ſun, For the ſtar, as has 
been already obſerved, will come to the meri- 


dian, in the fame time as if the earth had con- 


tinued in its former ſituation, at A; but the 
point N muſt revolve from N to n, before it can 
have the ſun upon its meridian, The arc Nn, 
therefore, being the ſame part of a whole circle 
as the arc A B, it is plain that any ſtar which 
comes to the meridian at noon with the ſun, 
when the earth is at A, will come to the meri- 

dian at ten o'clock in the men when the 

earth is at B. 

When the earth has paſſed from A ta C, 
through a ſixth part of its orbit, the point N 
will have the ſtar upon its meridian at eight 
o'clock in the morning, or four hours ſooner 
than it comes round to the ſun; and, in like 
manner, when the earth has advanced forwards 
to D, through a fourth part of its orbit, the 
point N will have the ſtar on its meridian at fix 
o'clock in the morning; for as the carth has 
now proceeded through ninety degrees, or a 
fourth part of the whole circumference, it muſt 
. turn ninety degrees upon its axis, in 

order 
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order to carry the point N from the ſtar to the 
ſun; for the ſtar will always come to the meri- 
dian when N m is parallel to R S A, becauſe DS, 
the radius of the earth's orbit, is but as a point 
in reſpect to the immenſe diſtance RS. 

When the earth is at E, the ſtar will come to 
the meridian at four o'clock in the morning; at 
F at two in the morning; and at G, at mid- 
night ; for the carth having now gone juſt half 
round its orbit, the point N will be directly op- 
poſite to the ſun; and, therefore, by means of 
the earth's diurnal motion, the ſtar will come 
to the meridian twelve hours before the ſun. 
In like manner, when the earth is at H, the ſtar 


vill come to the meridian at ten o'clock in the 


evening, or fourteen hours before the ſun; at I, 
it will come to the meridian fixteen hours be- 
fore the ſun; at K, eighteen hours before him ; 55 
at L, twenty hours; at M, twenty-two; and at 
A, it will return to the meridian at the ſame 


time, and be exactly with the ſun again. 


The daily revolution of the earth, which, by 
obſervation, is known to be uniform, is always 
completed, when any particular meridian is ex- 
actly parallel to the ſituation which it had at 


any time of the preceding day. And it is plain, 


from the figure, that the ſame meridian can 


never be brought round, from the ſun, to the 


ſun again, by one entire revolution of the earth 
upon its axis, but that it will require as much 
| : Mort 


e . 
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more of another revolution as is equivalent to 
the ſpace ſhe has advanced in her orbit during 
that time; which, at a mean rate, is the three 
hundred and fixty-fifth part of a circle. So that 
in three hundred and ſixty-five days, the earth 
will have turned three hundred and ſixty-ſix 
times round her axis; and, therefore, as one 
complete rotation makes a ſidereal day, there 
will be one ſidereal day in a year more than there 
are ſolar days, be that number what it will, 

either on the earth, or on any other planet. 
This regular return of the fixed ſtars to the 
meridian, affords us an eaſy method of determin- 
ing whether our clocks and watches go true. 
ForAf, through a ſinall hole in a window ſhutter, 
in a thin plate of metal properly fixed for 
hat purpoſe, we obſerve at what time any ſtar 
diſappears behind a chimney, or the corner of a 
building, at a ſmall diſtance; then, if the ſame 
ſtar diſappears, the next night, three minutes 
and fifty-fix ſeconds ſooner, by the clock or 
watch, than it did the night before; on the ſe- 
cond night ſeven minutes, fifty-two ſeconds 
ſooner; on the third night eleven minutes, forty- 
eight ſeconds ſooner ; and ſo on; it is a certain 
ſign that the machine goes right ; but if it does 
not obſerve this rule, it is evidently not true, 
and muſt therefore be regulated accordingly : 
and as the diſappearing of a ſtar is inſtantaneous, 
we 
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we may depend — this * to half 4 


* ſecond at leaſt. 


Beſides the diviſions of time here . 


there are two others which relate to the year 3 


and as they are frequently referred to by aſtro- 
nomers, it will not be improper to explain them. 
The two oppoſite points in which the ecliptic 
interſects the equator, are called the equinoctial 
points; and the two points where it touches 
the tropics the ſolſtitial points; and the time 
elapſed between two ſucceſſive paſſages of the 
ſun through the ſame equinoctial or ſolſtitial 
points, is called the tropical year; which, by 
obſervation, is found to contain three hundred 
and ſixty-five days, five hours, forty-eight mi- 
nutes, and forty-five and a half ſeconds, 

And, in like manner, as the tropical year is 
determined by the returning of the ſun to the 
ſame point of the ecliptic, ſo the time elapſed 
between his departure from any fixed ſtar and 
his returning to that ſtar again. is called the 
ſidereal year, which contains three hundred and 


ſixty-five days, fix hours, nine minutes, and 


fourteen ſeconds and a half. The fidereal year 
is therefore, twenty minutes, ſeventeen ſeconds 
and a half longer than the ſolar or tropical 


| Fear; and nine minutes, fourteen ſeconds and a 
half longer than the civil year, which is three 


hundred and ſixty-five days, ſix hours; ſo that 


the civil year is almoſt a mean between the ſide- 


real and tropical years. 
LE T- 
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BETWEEN Mran Ting AND APPARENT. 


1 is a 8 worthy of ne 
that, excepting the rotation of the earth upon 

its axis, there is no one body, in nature, with 
which we are acquainted, whoſe motion is per- 
fectly uniform and regular. The ſun, in his 
apparent journey through the heavens, is ſup- 
poſed by the vulgar to furniſh us with an accu- 
rate and juſt meaſure of time; but in this they 
are greatly miſtaken. Aſtronomers have found 
that the motion of the ſun is very unequal; 
and therefore equal time, which flows on for 
ever in the ſame manner, cannot be truly mea- 
ſured by the ſun's motion. Mean, or equal time, 
is that which is ſhewn by a well regulated clock 
or watch; and in order that the apparent time, 
as ſhewn by a true ſun-dial, may agree with 
this, it muſt be corrected by proper equations, 
The difference between mean and apparent 
time depends upon two cauſes, the obliquity of 
the ecliptic with reſpect to the equator, and 
the unequal motion of the earth in an elliptical 
orbit. I ſhall firſt explain the effects of theſe 
' cauſes ſeparately conſidered, and then the united 
effects reſulting from their combination. But, 
before 
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before we proceed to theſe particulars, it wilt 
be proper to remind you, that whenever the 
motion of the ſun 1s ſpoken of, it is not to be 
underſtood in a poſitive ſenſe, as if he actually 
removed-from one part of ſpace to another, but 
only as an appearance occaſioned by the real mo- 
tion of the earth in 4 contrary direction. The 
phænomena are exactly the ſame; and aſtrono- 
mers ſometimes mention one, and ſometimes the 
other, according as they find it moſt convenient 
tor their purpoſe. 

This being premiſed, it may be obſerved, that 
ſince the earth's axis is perpendicular to the 
plane of the equator, any equal portions of this 
circle, will, by means of the earth's rotation 
upon its axis, paſs over the meridian in equal 
times ; and fo, in ike manner, would any equal 
portions of the ecliptic, provided it were parallel 
to, or coincident with the equator. But as this 
is not the caſe, the daily motion of the earth 
upon its axis will carry unequal portions of it 

over the meridian in equal times; the difference 
being always proportional to the obliquity : and, 
as ſome parts of the ecliptic are much more ob- 
liquely ſituated with reſpect to the equator than 
others, thoſe differences will, therefore, be un- 
equal amongſt themſelves. 

Suppoſe, for example, that the cm and a ſtar 
were to ſet out together from one of the equi- 
noctial points, and to move continually through 
equal 
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equal arcs in equal times; the ſtar in the equa- 
tor, and the ſun in the ecliptic : then it is plain 
that the ſtar, moving in the equator, would al- 
ways return to the meridian exactly at the end 
of every twenty-four hours, as meaſured by a 
well regulated clock, that keeps equa! time; but 


the ſun, moving in the ecliptic, would come to 


the. meridian, ſometimes ſooner than the ſtar, 
and ſometimes later, according to their relative 
ſituations ;. and they would never be found upon 
that circle exactly together, but on four days of 
the year; namely, on the 2oth of March, when 
the ſun enters Aries; on the 21ſt of June, when 
he enters Cancer; on the 23d of September, 
when heenters Libra; and on the 21ſt of De- 
cember, when he enters Capricorn. 

But leſt a verbal deſcription ſhould: be found 
inſufficient, I ſhall endeavour to make it more 
intelligible by means of a figure. For this pur- 
poſe, let Z 1 2 A be the earth; ZF YT its 
axis; abc d, &c. the equator; AB CD, &c. 
the northern half of the ecliptic, from v to , 
on the ſide next to the eye; and MN OP the 
ſouthern half, on the oppoſite ſide, from = to ꝙ. 
In like manner, let A, B, C, D, &c. be the 
boundaries of equal portions of the ecliptic, 
gone through in equal times by the ſun; and 
a, ö, c, d, &c. equal portions of the equator, 
deſcribed in equal times by the ſtar; alſo let Z 
& 2 be the meridian. 


P | Then, 
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Then, as the ſun moves obliquely in the 
ecliptic, and the ſtar directly in the equator, a 
degree, or any number of degrees, between v 
and F on the ecliptic, mult be nearer to the me- 

ridian Z 2, than a degree, or any correſpond- 
ing number of degrees on the equator, from 
to 7; and the more ſo as they are more ob- 
lique. The ſun, therefore, comes to the meri- 
dian ſooner every day, whilſt he is in the qua- 
drant Y F, than the ſtar does in the quadrant 
7; and, as the motion of the fictitious ſtar in the 
equator, anſwers to the motion of a well regu- 
lated clock, it is plain that the ſolar noon, in 
this caſe, will precede the noon by the clock. 

On the contrary, whilſt the ſun deſcribes the 
ſecond quadrant of the ecliptic-F G HIK L, from 
& to , he will come later to the meridian every 
day 3 the ſtar, which moves through the 
ſecond quadrant of the equator, from F to =; 
for the points G, H, I, K, L, being farther from 
the meridian than the correſponding points g, H, 
i, &, /, they muſt, therefore, be later in coming 
to it; and as the ſun and ſtar arrive at the point 
< at the ſame moment, they muſt both come 
to the meridian together at the inſtant when it 
is noon by the clock. 

Again, in departing from Libra, through the 
third quadrant, the ſun going through M N O 
PQ towards , and the ſtar through mn op q, 
tow ards „; the former will come to the meri- 
dian 


>. 
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dian every day ſooner than the latter, till the 
ſun arrives at the point , and the ſtar at the 
point 7, and then they will both come to the 
meridian at the ſame time. And, in like man- 
ner, as the ſun moves through the fourth qua- 
drant STU VW, from towards v, and the 
ſtar through the quadrant /r u vw, from 7 to- 
wards Y, the former will come later every day 
to the meridian than the latter, till they both 
arrive at the point Y, and then they will make 
it noon at the ſame time with the clock. 

This part of the equation of time, may be 
made ſtill more familiar by means of a globe:; 
for if a ſmall black patch be put on every tenth 
or fifteenth degree, both of the equator and 
ecliptic, beginning at the point Y, and the globe 
be turned round flowly to the weſtward, you 
will obſerve that all the patches from Aries to 
Cancer, and from Libra to Capricorn, will come 
to the meridian ſooner than their correſponding 
patches on the equator; and all thoſe from 
Cancer to Libra, and from Capricorn to Aries, 
will come to the meridian later than their cor- 
reſponding patches on the equator: whilſt the 
patches at the beginning of Aries, Cancer, Libra 
and Capricorn, being on, or even with thoſe on 
the equator, ſhow that the ſun and ſtar, will 
either meet there, or are even with each other, 
and, for that reaſon, muſt come to the meridian 
at the me time, 


$ 
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Mr. Ferguſon, whom I have chiefly followed 
in this article, propoſes the following method for 
Will ſhewing the difference between ſolar, ſidereal, 
1 | and equal time. Suppoſe two little balls are 

made to move equally round a celeſtial globe, 
by means of clock-work ; one always keeping 
in the ecliptic, and gilt with gold, to repreſent 
the real ſun; and the other, keeping always in 
the equator, and ſilvered, to repreſent a fictitious 
ſun; and let it be ſo contrived, that whilſt theſe 
two balls move once round the globe, accord- 


made to turn three hundred and ſixty-ſix times 

round its axis, weſtward. 

W | | Then, as the motion of the globe is uniform, 
any fixed ſtar will come to the meridian in 
equal times, and make in all three hundred and 
ſixty-ſix revolutions, from the brazen meridian 
to the brazen meridian again. But the two 

balls, repreſenting the. real and fictitious ſuns, 
going continually farther eaſtward from any 
given ſtar, will come later than that ſar to the 
meridian every following day than on the pre- 

by ceding one; ſo that each ball will make in all 

- exactly three hundred and ſixty-five revolutions; 
== and they will both come together to the meri- 

dian, at the beginnings of Aries, Cancer, Libra 

and Capricorn; but in every other point of 

the ecliptic, the gilt ball will come ſooner 

or later to the meridian than the ſilvered ball, 
: in 
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in the ſame manner as the patches above-men- 
tioned. 95 | 85 
This is an eaſy way of ſhewing the reaſon 
why any given ſtar, which, on a certain day of 
the year, comes to the meridian with the ſun, 
paſſes over it ſo much ſooner every following 
day, as on that day twelve month to come to 
the meridian with the ſun again ; and alſo, why 
the ſun, moving in the ecliptic, comes to the 
meridian, ſometimes ſooner, and ſometimes later 
than when it is noon by the clock ; and on four 
days of the year at the ſame time; whilſt a a 
body, moving in the equator, would always 
come to the meridian exactly when it was 
noon by the clock. An ingenious artiſt might 
ealily put this appendage to a celeſtial globe; 
for the gold ball might be carried round the 
ecliptic, by a wire from its north pole, and the 
_ filver ball round the equator, by a wire from its 
ſouth pole, by means of a few wheels to each. 
From what has been already ſaid upon this 
ſubject, it is plain, that if the ecliptic cut the 
equator ſtill more obliquely, as is repreſented by 


the dotted circle vp X , the <qual diviſions pi. yy, 
from o to x, would come ſtill ſooner to the me- 58. 3 


ridian Z Y 2, than thoſe marked A, B, C, D, E; 
for two diviſions, containing thirty degrees, 
from to the ſecond dot, a little ſhort of the 
figure 1, will come ſooner to the meridian than 
one diviſion, containing only fifteen degrees, 

| F 2 | from 
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from v to A; whilſt thoſe of the ſecond qua- 
drant, from » to , would come ſo much later 
to it. In the third quadrant the ſame things 
would take place as in the firſt, and in the 
fourth as in the ſecond; and where the ecliptic 
is moſt oblique, about Aries and Libra, it is 
evident, that the difference would be greatelt ; 
and leaſt about Cancer and Capricorn, where the 
obliquity is leaſt. 

Having explained one cauſe of the difference 
of time, as ſhewn by a well regulated clock and 
a true ſun-dial, I ſhall now proceed to the other, 
and endeavour to make that equally eaſy and 
intelligible. The obliquity of the ecliptic is not 


the only cauſe of an inequality in the length of 


days, but this inequality ariſes alſo from the 
unequal motion of the ſun himſelf. This mo- 
tion is ſloweſt in ſummer, when the ſun 1s far- 
theſt from the earth, and ſwifteſt in winter, 
when he is ncareſt to it; as is evident from his 
ſtaying longer in the northern half of the eclip- 
tic than in the ſouthern halt, by about eight 


days: and therefore, although there were. no 


obliquity of the ecliptic, the motion of the ſun 
would not be a true and exact meaſure of time. 
For this motion ſometimes excceds a degree in 
twenty-four hours, and is ſometimes leſs; and, 


conſequently, when it is loweſt, any particular 


meridian wil. come round ſooner to him than 
when it is fwifteſt; fo that the days, from 


this 
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this cauſe alone, cannot be equal to each 
other. 


If two bodies, therefore, were to move in the 
plane of the ecliptic, ſo as to go exactly round 
it in a year; the one deſcribing an equal arc every 


twenty-four hours, and the other deſcribing. 


ſometimes a leſs arc in twenty-four hours, and 
ſometimes a greater, gaining at one time of the 
year what it loſt at another; it is evident, that 


one of thoſe bodies would come ſooner or later 


to the meridian than the other, according to 
their ſituations: and when they were both in 
conjunction, they would come to the meridian 
at the ſame inſtant. But as this may not be 
_ readily underſtood, it will, perhaps, appcar more 
evident by means of a figure. 

For this purpoſe, let AB CD be the ecliptic, 


or the elliptical orbit which the ſun, by an irre- 


gular motion, deſcribes in the ſpace of a year; 
and the dotted circle abc d the orbit of an 


imaginary ſtar, coincident with the plane of the 


ecliptic, and in which it moves through equal 
arcs in equal times. Let HIK, alſo, be the 
earth, which revolves round its axis, every 
twenty-four hours, from well to eaſt ; and ſup- 
poſe the ſun and ſtar to ſet out together 
from A and , in a right line with the plane of 
the meridian EH; the ſun at A, being at his 
greateſt diſtance from the earth, at which time 
his motion 15: lloweſt; and the ſtar at a, whoſe 
Ea motion 
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motion is equable, and its diſtance from the 
164 | earth always the ſame. 

| i), Lo ' Then, becauſe the motion of the "WF is al- 
| ways uniform, and the motion of the ſun, in 
this point of his orbit, is the ſloweſt, it is plain 
that whilit the meridian revolves from I to H, 
according to the order of the letters H, I, K, L, 
the ſun will have proceeded forward in his orbit 
| from A to F; and the ſtar, moving with a 
' as Auicker motion, will have gone through a larger 
"18 arc, from a to f: from which it is plain, that 
the meridian E H will revolve ſooner from H to 
h, under the ſun at F, than from H to &, under 
the ſtar at /; and conſequently it will be noon 

by the ſun, ſooner than by the clock. 

As the ſun moves from A towards C, the 
ſwiftneſs of his motion will continually increaſe, 
till he comes to the point C, where it will be 
the greateſt. But the ſtar, notarithiining this, 
will gain ſo much upon the ſun, ſoon after his 
departure from A, that the increaſing velocity 
of the ſun will not bring him up to the equally 
moving ſtar, till the former comes to C, and the 
latter to c; or when each of them has gone juſt 
half round its reſpe<ive orbit; and as they are 
then in conjunction, the meridian E H, revolving 
to EK, will come to the ſun and ſtar at 
the ſame time; and conſequently it is noon 
by them both at the ſame inſtant. 


From 
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From this point, the increaſed velocity of the 
ſun being now the greateit, will carry him be- 
fore the ſtar ; and, therefore, the ſame meridian 
will, in this fituation, come to the ſtar ſooner 


than to the ſun, For whillt the ſtar moves from 


c to g, the ſun will move through a greater arc, 
from C to G; and, conſequently, the point K 


has its noon by the clock when it comes to &, 


but not its noon by the ſun till it comes to J. 
And though the velocity of the ſun diminiſhes 
all the way from C to A, and the ſtar, by an 
equal motion, is ſtill coming nearer to the ſun, 
yet they will not be in conjunction till the one 
comes to A, and the other to a, and then it is 
noon by them both at the ſame inſtant. | 
From this it appears, that the ſolar noon is 
always later than the noon by the clock, whilſt 
the ſun goes from C to A; and ſooner whilſt he 


goes from A to C; and at theſe two points, the 


ſun and clock being equal, it is noon by them 


both at the ſame time. The point A is called 


the Sun's Apogee; becauſe when he is in this 


- ſituation, he is at his greateſt diſtance from the 


earth; and the point C is called his Perigee; on 


account of his being then at his leaſt diſtance 


from the earth: and a line A E C, drawn through 
the earth's center, from one of theſe points to 

the other, is called the Line of the Apſides. 
It may alſo be obſerved, that the diſtance 
which the ſun, at any time, has gone from his 
2 Apogee, 
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Apogee, and not the diſtance he has to go to 
it, though it be ever ſo little, is called his mean 


Anomaly; and is always reckoned in ſigns, de- 


grees, minutes, &c. allowing thirty degrees to 
a ſign. Thus, for example, when the ſun has 
gone a hundred and ſeventy-four degrees from 
his apogee at A, he is ſaid to be five ſigns, 
twenty-four degrees from it, which is his mean 
anomaly. And, in like manner, When he has 
gone three hundred and fifty-five degrees from 
his apogee, he is ſaid to be eleven ſigns, twenty- 
five degrees from it; although he be but five 
degrees ſhort of A, in coming round to it again. 

So that from what has been ſaid, it appears, 
that when the ſun's anomaly is leſs than ſix 
ſigns, that is, when he is any where between A 
and C, in the half of his orbit ABC, the ſolar 
noon will precede the clock noon : but when 
his anomaly is more than ſix ſigns, that is, when 
he is any where between C and A, in the half 
of his orbit C D A, the clock noon will precede 
the ſolar noon. On the contrary, when his 
anomaly is o ſigns o degrees, that is, when he is 
in his apogee at A; or, when it is exactly ſix 
ſigns, which is when he is in his perigee at C, 
he will come to the meridian at the ſame time 
with the ſtar, and it will be noon by them both 
at the ſame inſtant. | | 

The ,obliquity of the ecliptic to the equator, 
which is the firſt mentioned cauſe of the equa- 
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tion of time, would make the ſun and clocks 
agree on four days of the year, which are when 
he enters Aries, Cancer, Libra and Capricorn ; 
but the other cauſe, which ariſes from his un- 


equal motion in his orbit, would make the 


ſun and clocks agree only twice a year, that is 
when he is in his apogee and perigee; and, 
conſequently, when theſe two points tall in the 
beginnings of Cancer and Capricorn, or of Aries 
and Libra, they will concur in making the ſun 
and clocks agree in thoſe points. But the 
apogee, at preſent, is in the ninth degree of 
Cancer, and the perigee in the ninth degree of 


Capricorn; and, therefore, the ſun and clocks 


cannot be equal about the beginnings of thoſe 
| ſigns, nor at any other time of the year, ex- 
cept when the ſwiftneſs or ſlowneſs of equa- 
tion, reſulting from one of the cauſes, juſt ba- 
lances the ſlowneſs or ſwiftneſs ariſing from the 

other. | | | 
About the firſt of November, the abſolute 
equation of time reſulting from both theſe cauſes 
will be the greateſt; the time ſhewn by an 
equally going clock being then about ſixteen 
minutes and a quarter flower than the time 
ſhewn by the ſun. And, as this equation is of 
the utmoſt importance in all computations, where 
time is concerned, aſtronomers have calculated 
tables, by which it may be found for every day 
of the year. So that by means of theſe tables 
we 
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we can always correct the apparent time, by re- 
ducing it to mean time, which is the principal 
end, or object propoſed. For though the time 
ſhewn by the ſan appears to be the moſt obvi- 
ous and natural, yet it is of no other uſe, but 
as it may be employed in ſinding the mean 
time, or that whoſe eſſence is equality or perfect 
uniformity; all the celeſtial revolutions, and 
every other epocha and period, being always 
referred to this ſtandard, which is properly con- 
ſidered as the only true and adequate meaſure 
of duration. | 

_ The equation of time was known as carly as 
the time of Ptolemy, as appears from what he 
has faid upon this ſubject in the 3d Book of his 
Almageſt; but notwithſtanding it was employed 
both by Tycho Brahe, and Kepler, it was not 


generally adopted till the year 1672, when 
Flamſtead publiſhed a diſſertation upon the fub- 


ject, at the end of the works of Horrox. Since 
that time, it has been found that ſome irregu- 
larities are alſo occaſioned by the attractions of 
the planets; but as they depend upon principles, 
which are not caſily explained, and can, in no 
caſe, produce an error of more than a few ſe- 
ave altogether omitted them. 

in's place and anomaly are ſubject to 
ariations, no general equation Tables 
onſtructed as to be perpetual; and, 


conds, 

As t 
continual 
can be 
therefore, 


when great accuracy is required, re- 
| ference 
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ference muſt be had to the Nautical Almanac, 
or ſome other performance of that kind. The 
following conciſe Table, however, which 18 
adapted to the 2d year after Leap Year, will always 
be found within about a minute of the truth, and 
is, therefore, ſufficiently accurate for the regu- 
lating of common clocks and watches, which 
are only divided into minutes. 


| 
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ETTRE a 
Or THE REFORMATION OF THE CALENDAR. 


AH E firſt care of every ſociety, after pro- 
viding for its moſt preſſing wants and ne- 
ceſſities, has always been to eſtabliſh ſome uni- 
form method of reckoning time. Without“ 
ſuch a ſtandard to refer to, as occaſion requires, 
the adminiſtration of public affairs, and the 
common concerns of life, would be ſubject to 
perpetual confuſion. A well regulated calendar 
is, therefore, a matter of the moſt extenſive 
utility and importance. It is by this means, 
that we are able to aſcertain the returns of the 
ſeaſons, and to point out the proper times for 
cultivating the earth; to adjuſt the obſervance 
of civil and eccleſiaſtical inſtitutions, and to 
tranſmit- to poſterity the dates of ſuch cvents as 
are worthy of remembrance. | 
A computation of time by certain regular 
periods, 1s a cuſtom that has been obſerved by 
all nations, where arts and ſciences have been 
_ cultivated; but as nature has afforded us no fixed 
or permanent meaſure of duration, the. manner 
of eſtimating thoſe periods has been various and 
uncertain. In ſome countries the natural day 
is ſuppoſed to commence with the riſing of the 
ſun, and in others with his ſetting; ſome begin 
I to 
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to reckon from midnight, and others from noon. 


The Jews and Romans divided the artificial day 
into twelve parts, whether long or ſhort, and the 


night in the ſame manner; ſo that their hours, 


except at the equinoxes, were always unequal z 


which cuſtom, notwithſtanding its abſurdity, is 


ſtill followed by the T urks and other eaſtern 


nations. 


The Egyptians, waits to W 


the firſt who fixed the length of the year, and 
made it to conſiſt of 360 days, which they ſepa- 
rated into 12 months, in order to make it agree 
with the courſe of the moon. Mercury Trif- 
megiſtus, added 5 days more; and Thales is 
{aid to have done the ſame thing among the 
Greeks. But the Jews, Syrians, Ethiopians, 
Romans, Perſians and Arabs, had all years of 
different lengths. The apparent viciſſitudes of 
the ſeaſons, occaſioned by the various poſitions 
of the ſun, ſeem to have firſt given occafion to 
this inſtitution ; and as the length of the period, 
would be naturally adapted to comprehend all 
the varieties of this kind, that could poſſibly 
happen, ſo their principal care would be to 
| make the ſame parts of the year agree with the 
ſame ſeaſons. * But as different nations would 
make ule of different methods, they would not 


all chuſe the ſame point of the ecliptic, for the 


beginning of the year, nor be entirely agreed 
about the exact time of the revolution. 


The 


* 
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The day on which the year commences, is, 
alſo, different in different countries. William 
the Conqueror, being crowned on the firſt of 
January, gave occaſion to the Engliſh to begin 
their year at that time, in order to make it 
agree with the commencement of their hiſtory. 
The Mahometans begin their year on the day 
when the ſun enters the Ram; the Perſians in 
the month which anſwers to our June; the 
Chineſe and Indians with the firſt new moon 
that happens in March; and the Mexicans, ac- 
cording to d'Acoſta, begin their year on the 
23d of February, at which time the verdure, 
in that country, firſt begins to appear. It may 
alſo be remarked, that, among the Romans, the 
firſt and laſt days of the year, were conſecrated 
to Janus, which ſeems to be the reaſon why he 
is always repreſented with two faces. 
The weck is another diviſion of time, of the 
higheſt antiquity, which, in almoſt all coun- 
tries, has been made to conſiſt of ſeven days; 
a period ſuppoſed by ſome to have been tradi- 
tionally derived from the creation of the world; 
whilſt others imagine it was regulated by the 
phaſes of the moon. But whatever it might be, 
that led ſo many different nations to adopt this 
primitive meaſure, it was certainly not univer- 
fally received. The week of the antient Greeks, 
according to Gaſſendus, conlifled of ten days, 
and that of the Romans of nine; but afterwards, 
bh 
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in imitation of the Jews, they divided it into 
ſeven; which cuſtom was firſt introduced among 
the Romans about the time of the emperor The- 
odoſius. Dies Solis, Lunæ, Martis, Mercuru, 
Jovis, Veneris and Saturni, are the days of the 
Roman week, and the names of the ſeven planets; 
and ſo, among us, Saturday, Sunday and Mon- 
day, plainly denote, Saturn's day, the Sun's day 
and the Moon's day; and Tueſday, Wedneſday, 
Thurſday and Friday, are the days of Tuiſco, 
Woden, Thor and Friga, which are the Saxon 
names for Mars, Mercury, Jupiter and Venus. 
But of all the diviſions of time, which have 
been in general uſe, the month and the year 
are the moſt embarraſſing. To determine theſe 
periods, with accuracy and preciſion, and to 
adjuſt them to the courſe of nature, is a matter 
of the utmoſt diſſiculty, and is yet far from be- 
ing accompliſhed. The revolution of the moon 
in her orbit, or the time from one new moon 
to another, may be called a month; and the 
time the ſun takes to perform his apparent 
courſe round the earth, from any one point in 
his orbit, to the ſame point again, may be called 
a year; but as neither of theſe revolutions are 
completed in an exact number of days, how are 
they to be reconciled with the common account 
of time, and made to agree with each other? 
The ſeaſons are evidently regulated by the 
courſe of the ſun; and as their returns are only 
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to be known by means of his motion, it is from 
this alone that the proper n of the year can 
be determined. 
In matters of little moment, the uninſtructed 
part of mankind regard the powers of ſeience 
with aſtoniſhment ; but when the ſubject is be- 
yond the reach of all fcience, they imagine it 
to be attended with no difficulties. This has 
been particularly the caſe, with the attempts that 
have been made to correct the vulgar methods 
of reckoning time. The populace of, every 
country, conirder the year as a certain regular 
period, the length of which is pointed out by 
nature herſelf; and, with a clamour that bids 
defiance to reaſon, oppoſe every alteration. To 
change the e eee of certain religious feaſts, 
which have beenlong fixed to particular days, 
is looked upon as an impious innovation; and 
though 'the times of the events, upon which 
thoſe ceremonics depend, be utterly unknown, 
it is {till inſiſted upon that the Glaſtonbury thorn 
| plooms upon Chriſtmas-day, and that this coun- 
try has never flouriſhed fince that feſtival was 
« altered. 

Popular prejudices have been nearly the ſame 
in all ages. The ancient calendar was ſo &bvi- 
ouſly defective, that it was impoſſible not to 
perceive the diſorder it occaſioned z and yet 
the multitude were ſtill averſe to reformation. 
| Ariſtophanes, in his comedy of the Clouds, has 
a number 
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a number of pleaſantries upon this occaſion. An 
actor, who was juſt come from Athens, recounts 
that he met with Diana, or the moon, and found 
her Extremely incenſed, that they did not regu- 
late her courſe better. She complained, that 
the order of nature was changed, and every 
thing turned toply turvy. The Gods no longer 
knew what belonged to them ; but, after pay- 
ing their viſits upon certain feaſt-days, and ex- 
pecting to meet with good cheer, as uſual, they 
were under the diſagreeable neceſſity of return- 
ing back to heaven again without their ſuppers. 
Amongſt the Greeks and other ancient na- 
tions the length of the year was generally re- 
gulated by the courſe of the moon. This pla- 
net, on account of the different appearances 
which ſhe exhibits at her full and change, and 
at her quarters, was conſidered by them as the 
beſt adapted of any of. the celeſtial bodies for 
this purpoſe. And as one lunation, or revolu- 
tion of the moon round the earth, was found 
to be completed in about twenty-nine days and 
a half, and twelve of theſe lunations being 
imagined to be nearly equal to one revolution 
of the ſun, their months were made to conſiſt 
of twenty-nine and thirty days alternately, and 
their year of three hundred and fifty- four days. 
But as the time between two ſucceſſive full 
moons is now known to be twenty-nine days, 
twelve hours, forty-four minutes, and three ſe- 
| Q 2 conds, 
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conds, and the time the ſun takes to move from 
one of the ſolſtitial points to the ſame point 
again, is three hundred and ſixty-five days, five 
hours, ſorty-eight minutes, and forty-nine fe- 


conds; it is evident, that this computation, al- 


though it agreed tolerably well with the courſe 
of the moon, muſt yet have been extremely 
defective, the difference between the lunar year 
and the true ſolar year, being more than eleven 
days. | 

The irregularities which ſuch a mode of 
reckoning would occaſion, muſt have been too 
obvious not to have been noted. For, ſuppoſing 
it to have been ſettled, at any particular time, 
that the beginning of the year ſhould be in the 


ſpring; in about ſixteen years afterwards, the 


beginning would have been in autumn; and in 
thirty-three, or thirty-tour years, it would have 


gone backwards, through all the ſeaſons, to 


ſpring again. This detect, however, they at- 
tempted to rectify, by introducing a number of 
days at certain times into the calendar, as occa- 
ſion required, and putting the beginning of the 
year forwards, in order to make it agree with 
the courſe of the fun. But as theſe intercala- 


tions were generally conſigned to the care of the 


prieſts, who, from motives of intereſt or ſuper- 
ſtition, frequently omitted them, the year was 
made long or ſhort at pleaſure, and the calendar 
was yet in a very imperfect ſtate. « 

| | Several 
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Several. methods of correcting theſe errors, 
had been frequently propoſed to the Roman ſe- 
nate, by the mathematicians. of thoſe times; 
but that people, intent only upon the aggran- 


dizement of their empire, and extending the 


terror .of their arms, had no leiſure for the 
peaceful purſuits of ſcience, and were long ere 
they aſpired to the glory of being learned and 
enlightened. Julius Cæſar was the firſt among 
them, who, to his other extraordinary qualities, 

added an eminent knowledge of the ſeiences of 
aſtronomy and mathematics. 


Amidſt the hurry of tumultuous war, 

The ſtars, the gods, the heav'ns, were ſtill his care; 
Nor did his ſkill to fix the rolling year, 

Inferior to Eudoxus' art appear. 


LUCAN. 


The ſtate of the calendar particularly engroſſ- 
ed his attention, and being ſoon convinced of 
its irregularity, he was immediately determined 
to reform it. To aſſiſt him in ths undertaking, 
he made choice of Soſigenes, a celebrated math 


matician of Alexandria in Egypt ; who found, 


that the diſpenſation of time could never be 
ſettled upon any ſure footing, without having 
regard to the annual revolution of the ſun ; and 
as this revolution is found to be completed in 
three hundred and ſixty-five days, and about 
fix hours, he made the. year to conſiſt of three 
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kutidred and ſixty- five days, for three years ſuc- 
ceſſively, and every fourth year of three hun- 
dred and ſixty- ſix, in order to _ in the. odd 
fix hours. 

This reformation was made in the year of 
Rome 708, about forty- five years before the birth 
of Chriſt; and as it was computed that near 
ninety days had been loſt by the former method 
of reckoning, theſe were now taken into the 
account, and the firſt Julian year was made to 
conſiſt of four hundred and forty-four days, 
which was, therefore, called Annus Confuſionis, 
the year of confuſion. After this, the begin- 
ning of the year was fixed to the firſt of Janu- 
ary, and each of the months, except February, 
were divided into thirty, or thirty-one days, as 
they are at preſent ; the reaſon of which diſtri- 
bution, ſeems to have been a deſire of preſerv- 
ing, as much as poſſible, an equality among the 
months; and to make them nearly agree with 
the lunar months, Which conſiſt of about 29 
days. The odd day, which ariſes out of the 
ſix hours above-mentioned, was introduced into 
the calendar every fourth year, by reckoning 
the twenty-tourth of February twice over; and 
as this day, in the old account, was the ſame 
as the ſixth of the calends of March, which had 
been long celebrated on account of the expulſion 
of — it was called, bis Sextas calendas 

| Marty ; 
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Martii; from which we have derived our name 
of Biſſextile, or Leap-year. | 

Julius Cæſar was born upon the fourth of the 
ides of the month Quintilis, and after his death, 
Marc Antony, who was one of the Triumvi- 
rate, ordained that the name of this month 
ſhould be changed to that of Julius, in honour 
of his predeccflor. The name of the month 
Sextilis was alſo changed to that of Auguſtus, in 
memory of the emperor of that name; and theſe 
appellations have been retained ever ſince. But 
Nero, who had given his name to the month 
April, and Domitian, who had given his to the 
month October, were ſoon deprived of theſe 
honours; for after the death of thoſe tyrants, 
their names were taken from the calendar, and 
the former ones reinſtated. . 

The julian account, as this method of reckon- 
ing has ſince been called, though far ſuperior to 
any that preceded it, was, however, ſtill imper- 
fect: for as the time in which the ſun performs 
his annual revolution, is not exactly three hun- 
dred and ſixty-five days, ſix hours, but three 
hundred and ſixty-five days, five hours, forty- 
eight minutes, and forty-nine ſeconds, the civil 
year mult, therefore, have exceeded the ſolar 
year by eleven minutes, and eleven ſeconds; 
which, in the ſpace of about one hundred and 
thirty years, amounted to a whole day: and, 
conſequently, in forty- ſeven thouſand four hun- 
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dred and fifty years, the beginning of the year 
would have advanced forwards through all the 
ſeaſons ; ſo that in half this ſpace of time the 
ſummer ſolſtice, according to the calendar, 
would have fallen in the midſt of winter, and 
the earth been covered with froſt, when the 
bloom of vegetation was expected. | 

It is not to be imagined, that Soligenes was 
totally unacquainted with this error; but he 
probably thought it much ſmaller than it really 
is, and on that account neglected it. The truc 
length of the ſolar year had not yet been accu- 
rately determined; and as it was only from a 
ſenſible anticipation of the ſeaſons, that the civil 
reckoning could appear defective, the Julian 
account was long conſidered as perfectly conſo- 
nant with the courſe of nature; and all the 
ſtates of Europe confided in it, as one of the 
moſt exact and juſt eſtimations of time that could 
poſſibly be deviſed. Some irregularities were 
occaſioned, ſoon after the death of Cæ ar, by 
the negligence of the yontills, who had not ob- 
ſerved the eſtabliſhed method of intercalating the 
odd day ; but from the tune of Auguſtus, who 
corrected theſe errors, to about the middle of 
the ſixteenth century, it does not appear that 
the calendar had been ſubject to any alteration. 

Among the firit of thoſe who diſcovered its 
imperfections, were our countrymen the Vener- 
able Bede, Sacro Boſco, and Roger Bacon. Thoſe 


great 
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great men, who were the ornaments of the 
times in which they lived, had obſerved that 
the. rrue equinox preceded the civil one, by 


about a day in a hundred and thirty years. And 
as the council of Nice, which was held in the 


year 325, had fixed the vernal equinox to the 
twenty-firſt of March, it was accordingly found, 
that from that time to the year 1582, when the 


next reformation was effected, the error accumu- 


lated by this means, amounted to about ten 
days; ſo that the vernal equinox was now found 


to happen on the eleventh of March, inſtead of 


the twenty-firſt, as it ought to have done, had 


the Julian account agreed with the courſe of the 


ſun. | 

This conſtant anticipation of the equinox, 
which in the courſe of more than a thouſand 
years, had become too obvious not to be no- 
ticed, was firit repreſented to the councils of 
Conſtance and Latran, by two cardinals, Ailli 
and Cuſa, who ſhewed the cauſe of the error, 
and the means of correcting it. And in the year 
1474, Pope Sixtus IV. being convinced of the 
neceſſity of a reformation, ſent for Regiomon- 
tanus, a celebrated mathematician of that time, 
to Rome, and preſented him to the archbiſhop- 
rick of Ratiſbone, in order to engage him in this 
undertaking; but a premature death prevent- 
ing his aſſiſtance, the project was, for that time, 
ſuſpended. 
1 The 
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The neceſſity of ſome alteration, was, how- 
ever, ſtill inſiſted upon: and about a hundred 
years afterwards, Pope Gregory XIII. had the 
honour of accompliſhing what ſeveral preceding 
pontifls and councils had attempted in vain. 
A plan, which was preſented to him by Aloiſius 
Luilius, a Veroneſe phyſician and aſtronomer, 
after being examined by the moſt able mathe- 
maticians of that time, was ſent to all the 
princes in Chriftendom, for their advice and 
aſſiſtance : and as the execution of it appeared 
to be attended with little difficulty, it met with 
general approbation. A council, therefore, of 
the moſt learned prelates, was convened by the 
pope, ind the ſubject being finally ſettled, a 
riot was publiſhed in the month of March, 
1582, by which the uſe of the ancient calendar 
was entirely abrogated, and the new one ſubſti- 
tuted in its ſtead. 

This was called the Gregorian account, or 
New-Style; and as it is that which is at preſent 
in uſe throughout che greateſt part of Europe, 
I ſhall endeavour to give you as familiar an ac- 
count of it as poſſibl?2. The firſt object of the 
reformers, was to corhect the errors of the for- 
mer method of reckoning, and to make the 
length of the year agree more exactly with the 
courſe of the ſun. For this purpoſe it was 
agreed, that the ten days, which had been 
gained by the old account, ſhould be taken 

| trom 
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from the month of October, of the year then 
current, and the equinox brought back to the 
twenty-firſt of March, as it had been ſettled by 
the Nicene council. And, that a hke variation 
might not happen in future, it was ordered, 
that inſtead of making every hundredth year a 
biſſextile, as was the caſe in the former method, 
every four hundredth year only ſhould be con- 
ſidered as a biſſextile, and the reſt be reckoned 
as common years. 

The length of the ſolar year, and che time of 
the vernal equinox, were by this means very 
accurately ſettled; for as a day was gained, by 
the former method of reckoning, in every hun- 
dred and thirty years, this was nearly equiva- 
lent to a gain of three days in every four hun- 
dred years; and conſequently, by making the 
years 1700, 1800, and 1900, to be common 
years inſtead of Leap- years, as they would other- 
wiſe have been, the error ariſing from the odd 
time would be properly corrected. But this 
was a part of the ſubject that was eaſily accom- 
pliſhed; the great difficulty conſiſted in making 
the lunar year agree with the ſolar one, and in 
ſettling the true time for the obſervance of 
Taſter, and other moveable feaſts, which had 
hitherto been ſubject to no regular rule. 
lt was ordered by the council of Nice, that 
Eaſter ſhould be celebrated upon the firſt Sun- 
day, * the firſt full moon, next following the 

vernal 
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vernal equinox. And in order that this rule 
might be properly obſerved, it became neceſſary 
to know the days when the full moons would 
happen, in the courſe of every year. But this 
was a knowledge that was not ealily obtained ; 
for the period formerly eſtabliſhed by a Greek 
philoſopher of the name of Meton, which made 
ninetcen years exactly equal to two hundred and 
tlürty- five lunations, or revolutions of the moon, 
was found to be too long by about one hour and 
thirty-two minutes: and, conſequently, after 
- ſixteen of theſe periods, the true phaſes of the 
moon would precede thoſe ſhown by the calen- 
dar, by more than a whole day. . 

At the time when the Gregorian account firſt 
took place, the error occaſioned by this means 
amounted to four days; and had the old method 
of computation prevailed, the calendar, in time, 
would have announced the full moon at the 
time of the change, and Eaſter would have been 
celebrated at a period directly oppoſite to that 
eſtablihed by the church. To correct theſe 
errors, therefore, it was neceſſary that ſome 
other method ſhould be deviſed, than that which 
had been hitherto in uſe; and as the old lunar 
cycle of nineteen years had a particular pro- 
perty, Which had not yet been noticed, Luilius 
lad the good fortune to diſcover it, and to 
make it ſubſervient to the purpoſes required. 


The 
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The new and full moons, which according to 
Meton, were imagined to happen at exactly the 
ſame time as they had nineteen years before, 
were uſually indicated in the following manner; 
it was obſerved on what day of each calendar 


month the new moon fell, in each year of this 


period, and againſt thoſe days they placed the 


number anſwering to that year, reckoning from 


one to nineteen, through all the years of the 


cycle. And thoſe numbers, on account of their 


great uſefulneſs, were called Primes, or Golden 
Numbers; but as Luilius found them to be 


erroneous and inconvenient, he rejected them 
from his ſyſtem, and made uſe of others, called 
Epacts, in their ſtead. 

The epact, is the difference between the ſolar 
year and the lunar one; or the moon's age at 
the end of the year. But, in order that this 
may be better underſtood, I ſhall illuſtrate it by 
an example. Suppoſc, therefore, that at any 
particular time, the new moon was to happen 
on the firſt of January, the epact for that year 
would then be nothing. And as twelve luna- 


tions are completed in three hundred and fifty- 
four days, it is plain, that the epact, or moon's 


age, at the beginning of the ſecond year, would 
be eleven; at the beginning of the third year, 
twenty-two ; and at the beginning of the fourth, 
thirty-three. But as the time of one lunation is 
never more than twenty-nine days and a half, 

the 
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the epact cannot poſſibly exceed thirty; in this 
caſe, therefore, thirty muſt be ſubtracted ; ſo 
that inſtead of thirty-three, at the beginning of 
the fourth year, the epact will be only three. 
And by obſerving this rule, through a period of 
nincteen years, the epacts will ſtand in the fol- 
lowing order, o, 11, 22, J, 14, 25, 6, 17, 28, 9, 


"20, I, 1, 23, 4, 16, 26, 7, 18. 


Theſe epacts being placed againſt the days of 
the month in the calendar, on which the new 
moons fell in each year, would have anſwered 
the ſame purpoſe with the golden numbers; and 
had the Metonic cycle been complete, the form 
would have required no alteration : but this is 
not the caſe; for after about ſixteen of theſe 
periods, or three hundred years, the new moons, 
arriving ſooner by twenty-four hours, would 


happen on the preceding day; and therefore the 


epacts anſwering to thoſe new moons, ought to 
be augmented by unity. For ſuppoling, that 


the ſecond year of the lunar cycle had eleven for 


the epact, then becauſe the new moon, the pre- 
ceding year, arrived eleven days before the end 
of December, after three hundred years, the 


ſame new moon, of the firſt year of the cycle, 


would arrive twelve days before the end of the 
year; and, conſequently, the ſecond year ought 
now to have twelve for the epact. 

This number twelve, therefore, will be the 


index of the new moons in that ſecond year; 
1 | | and 
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and it is eaſy to perceive, that all the new moons 
which happen ſooner by a day, will take place 
upon the day preceding that which in the former 
period was marked eleven. After three hundred 
years more, the epact will be thirteen, which 
will be a day ftill preceding that in the latter 
period: and the ſame will happen with all the 
other epacts of the cycle. It was this kind of 
analyſis, that gave Luilius the idea of placing 
the epacts in their natural order, againſt the 
days of the new moons in every year, for the 
firſt three hundred years; and after that period, 
to place them in the order 1, 12, 23, 4, I5, 26, 
7, 18, 29, 10, &c. inſtead of the former one: 
and fo on. | 

This arrangement was ſimple and ingenious z 
but the omiſſion of three days in every four 
hundred years, was a circumſtance that occa- 
ſioned ſome embarraſſment. Theſe years, hav- 
ing a day leſs than in the Julian account, the 
new moons would happen a day later, and con- 
ſequently the epact, at the end of the year, muſt 
be diminiſhed accordingly. But as this order 
is only interrupted once in a hundred years, 
Luilius imagined, that by ſubtracting unity 
from each of the epacts belonging to thoſe new 
moons, they might be made to ſerve for the 
ſubſequent century. And as there are only 
thirty poſlible ſeries of theſe numbers, it was 
ſufficient to ſhew by a table, what ſeries be- 


longed 
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longed to every century ; by which the times of 
the new moons might be readily diſcovered. 
This is a conciſe account of the Gregorian 
reformation; and it you are deſirous of further 
information, I muſt refer you to works written 
expreſsly upon the ſubject ; for to have given a 
minute detail of every particular, would have 
required a large volume. If what has been ſaid, 
however, be properly attended to, it will enable 
you to form a general idea of this intricate 
buſineſs, which, as the matter is now fully ſettled, 


is all that is requiſite. It only remains juſt to men- 


tion, what reception this alteration of the ſtyle 


met with, from the different ſtates of Europe. 


Pope Gregory ordered all the eceleſiaſtics 
under his juriſdiction to conform to this new 
method of reckoning, and exhorted the chriſtian 
princes to adopt it in their dominions. But the 
proteſtant ſtates, at that time, refuſed it; the 
reformed religion was in its infancy; the zeal of 
its profeſſors was violent, and their oppoſition 
to the pope unbounded: whatever bore the ap- 
pearance of his authority, was rejected as an 
unwarrantable encroachment upon their newly- 
acquired liberties ; and though the propriety of 
the alteration was acknowledged, it was con- 
demned, on account of its originating with a 
party ſo extremely obnoxious to them. | 

But the difference between the old and new 
ſtyle, as the Julian and Gregorian accounts are 

| generally 
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generally called, occaſioned great confuſion in 
the commercial affairs of the different ſtates of 
Europe. In England, particularly, this incon- 
venience was conſiderably felt, and ſeveral at- 
tempts were made to introduce the reformed 
calendar; but popular prejudices were too 
ſtrong, to be eaſily overcome. The mathema- 
ticians, indeed, more influenced by ſcientific 
conſiderations, than cavils about points of reli- 
gion, were continually urging the neceſſity of 
ſome correction, and propoſed ſeveral methods 
of obtaining it, which might be adopted without 
inflaming the minds of the multitude. 

One of the moſt ſimple and ingenious of theſe, 
I ſhall juſt mention; which was, that an act 
ſhould be paſſed, declaring that there ſhould 
be no leap-year for forty years to come ; by 
which means, the ten days, that had been gain- 
ed by the old account, would have been imper- 
ceptibly loſt, and the. old ſtyle reduced to the 
new, without any ſenſible variation in the fixed 
time of feaſts, and other obſervances. A pro- 
poſal of this kind was ſent to Dr. Wallis, then 
profeſlor of Geometry at Oxford, for his opinion: 
but the doctor, with a narrowneſs of ſentiment, 
which could ſcarcely have been expected from 
a man of his extenſive erudition, obſerved, that 
the propoſal was ſpecious enough in appearance, 
but that the hand of Joab might be perceived in 
it, He imagined it to have originated with the 
| | R |  papiſts3 
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papiſts; and though he acknowledged its pro- 
priety, was yet afraid of its being adopted, left 
it ſhould open the door to further encroach- 
ments. 

But though all propoſals were at that time 
rejected, yet thoſe who wiſhed for a reformation, 
ſtill continued their applications; and in 1752, 
an act of parliament, after much debate, was 
obtained for this purpoſe. And as a hundred 
and ſeventy years had clapſed, ſince the Grego- 
rian alteration took place, the old ſtyle had con- 
ſequently gained above a day more upon the 
courſe of the ſun than it had at that time; it 
was therefore enacted, that inſtead of cancelling 
ten days, as had been done by the Pope, eleven 
days ſhould be left out of the month of Sep- 
tember; and, accordingly, on the ſecond of 
that month, the old ſtyle ceafed, and the next 
day, inſtead of being the third, was called the 
fourtcenth. _ | 

It may be obſerved, however, that the Gre- 
gorian reformation met with many opponents 
from men of ſcience; Meſtlin, Scaliger, Vieta, 
and other mathematicians, attacked it with great 
violence, and propoſed methods of their own, 
which they conſidered as leſs exceptionable. But 
Clavius, to whom the care of this buſineſs was 
aſſigned, after the death of Luilius, compoſed a 
large work in its vindication, and victoriouſly 
combated all his adverſaries. Some defects, 
| | | however, 
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however, it muſt be acknowledged, are to be 


found in this method ; but the taſk of refor- 


mation was difficult; the reformers had to chuſe 


among a number of inconveniences, and they 
preferred the leaſt conſiderable; we ought, there- 


fore, to applaud them for their ſkill, rather than 
cenſure them for defects, which no human 
abilities could have wholly avoided. 


* 
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LETTER xv. 


Or THE . or THE E Ann. 


O meaſure the earth, and from thence to 
determine its magnitude and figure, 1s 
one of the moſt aſtoniſhing enterprizes, that ever 
was undertaken by man. Conhned to a parti- 
cular ſpot, without any other ſcale or model than 
his own proper dimenſions, how is he to find 
the diſtances of places which he can never viſit, 
and to embrace the vaſt circumference of the 
globe? The ſpace he has paſſed through, may 
be eſtimated by the number of ſteps he has 
taken, and this will furniſh him with the moſt 
ſimple meafures, the foot and the yard; the 
cubit is the length of his arm, from the elbow 
to the end of the middle finger; and the fathom, 
or toiſe, 1s the height of his ſtature; but what 
are theſe ſmall meaſur es, in een to the 
perimeter of the earth? They are but as a 
grain of ſand to the largeſt mountain. Difſi- 
culties, however, ſerve but as incitements to 
action; and man, inſtead of being confounded 
by the inadequacy of his natural powers, finds 
a reſource in his intelligence, which ſupplies their 
defect: he multiplies ſmall meaſures, till he ar- 
rives at the greateſt, and forms to himſelf an 
unit, 
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unit, to which he refers all the cart of the 


= univerſe. 


By means of chains and cords, which are 
certain multiples of the toiſe, or the yard, he 


obtains an artificial meaſure more convenient 


than the natural one; and with this new ſtand- 
ard, repeated a certain number of times, in the 
ſame manner as before, he forms furlongs, miles 
and leagues, and undertakes to meaſure ſuch 
diſtances, as would be otherwiſe indeterminable. 
But this method is yet totally inadequate to 
the purpoſe required; for if it were neceſſary 
to follow the whole circumference cf the earth, 


in order to obtain its meaſure, the thing would 


be impoſſible; mountains, rivers and ſeas, would 
be perpetual obſtacles in our way ; and uninha- 


bitable climates would put an entire ſtop to our 
progreſs. In order, therefore, to ſurmount theſe - 


difficulties, we muſt have recourſe to Aſtrono- 
my, which furniſhes us with a method of mea- 
ſuring the whole terraqueous globe, without the 
neceſſity of quitting our country, or even loſing 
. ſight of our native habitations. 


But let us leave this part of the ſubject for 
the preſent, and attend to the ſteps which led to 


ſo important a diſcovery. It was the commonly 
received opinion, even ſo late as the fifteenth 
century, that the earth was a flat body, infi- 
nitely extended, and covered by the ſky, in the 
form of a vault or tent. And as this doctrine 
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had received the ſanction of ſome of the moſt 
reſpectable Fathers of the Church, and was 
thought to be founded on the Bible, but few, 
even among philoſophers themſelves, preſumed 
to queſtion its validity. But a very little 
time before the diſcovery of America, the 
notion of the earth's having a globular form, 
was treated as an impious abſurdity, At 
length, however, reaſon, and the voyage of 
Chriſtopher Columbus, reſtored to the earth its 
ſpherical figure, which the ancient Egyptians ' 
and Chaldeans had given it; and it was now 
generally believed to be a perfect globe, and 
that the ſtars made their revolutions round it in 
circular orbits, | | 
Of this opinion were the greateſt philoſophers 
of the age. A globe is the moſt perfect of all 
geometrical figures; and the obſerved ſimplicity | 
ot nature, in moſt of her operations, ſeemed to 
favour the idea of the earth's having ſuch a 
form. This imaginary ſimplicity, however, 
proved to be a falſe light, that mifled its fol- 
lowers. M. Richer, in a voyage made to 
Cayenne, near the equator, undertaken by or- 
der of Lewis XIV. under the protection of the 
great Colbert, among many other obſervations, 
found that the pendulum of his clock no longer 
made its vibrations ſo trequently as in the lati- 
tude of Paris; and that it was ablolutely neceſ- 
fary to ſhorten it by a line and a quarter, or a 
little 
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little more than the eleventh part of a Paris : 


inch, in order to make it agtce with the times 
of the ſtars paſſing the meridian. 


Natural philoſophy and geometry were not 
then by far ſo much cultivated as they are at 


preſent; and who could have believed, ſays 
M. Voltaire, that from an obſervation ſo triflin 

in appearance, could have ſprung ſo ſublime and 
philoſophic a. truth. A pendulum, like an 

other falling body, is acted upon by the force 
of gravity ; and, in conſequence of Richer's diſ- 
covery, it was obſerved, that, ſince the gravity 


of bodies is by ſo much the leſs powerful as. 


thoſe bodies are farther removed from the center 
of the carth, the region of the equator muſt 
abſolutely be much more elevated than that of 
France; and that, therefore, the figure of the 
earth could not be that of a ſphere. | 
This reaſoning, ſo very fimple and natural, 


eſcaped the greateit philoſophers of that time; a 


certain proof that the ſtrength of prejudice does 
not permit the ſhghteſt examination: they 
even conteſted Richer's experiment. Metals are 


known to be leugchencd by heat, and contracted. 


by cold, and to this caufe they attributed the 
difference which he had obſerved berween the 
vibrations at Cayenne and at Paris. The moſt 
intenſe ſummer heat will lengthen an irod rod 
of thirty feet long, about the eleventh p- wt of 


an inch ; but the queſtion here was concerning. g | 
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an alteration, which was afterwards found to be 
nearly twice as great -as this, in a rod of little 
more than three feet in length; and, therefore, 
this dilatation muſt have been owing to ſome 
other cauſe than that of heat. 

Some years after this, Meſſ. Deſhayes and Va- 
rin, who were ſent out by the French king, to 
make certajn aſtronomical obſervations near the 
equator, found that the pendulum at Cayenne, 

required to be ſhortened much more conlidera- 

bly than had been mentioned by Richer. He 
had obſerved, that it made a hundred and forty- 
eight vibrations leſs in a day than at Paris, and 
that his clock was retarded, by that means, two 
minutes and twenty-eight ſeconds; but M. 
Deſhayes found a much larger difference, and 
was obliged to make his pendulum ſhorter by 
two lines, in order to make the time agree with 
that which was deduced from celeſtial obſerva- 
tions. This difference between the two ob- 
ſervers may be eaſily accounted for; Richer was 
ſtruck with the ſingularity of the phænomenon, 
and, as is natural upon ſuch occaſions, examined 
it with timidity. He doubred whether his ſenſes 
might not have deceived him, and endeavoured 
to ſee the leaſt variation poſſible. 

The truth of the experiment, however, has 
been ſince fully confirmed by the French acade- 
micians, in the account which they have given 
of their expedition to Peru, in South America. 

2 | | | They 
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They inform us that about Quito, at a time 
when it froze, they were obliged to ſhorten the 


pendulum for ſeconds about two lines, or the 


ſixth part of an inch ; which puts it out of all 
doubt, that the alteration could not be occa- 


ſioned by heat. The ſame phznomenon has 


likewiſe heen obſerved at Martinique, at St. Do- 
mingo, at St. Helena, and at Goree, upon the 
coaſt of Africa, near the Cape de Verd iſlands; 
in all which places it was found, that the altera- 
tion was the greateſt under the equator, and 
that it diminiſhed as the obſerver approached 
towards the northern climates. 

The obſervations made at Cayenne, might 
have been conſidered as too local and particular 
to have admitted of any fatisfactory concluſion; 


but as a like alteration was found to take place 


in ſo many ditterent ſituations, we can no longer 


heſitate in receiving it as a general phænome- 


non, ariſing from an actual diminution of gra- 
vity, in thoſe places where the experiment was 
performed. This diſcovery, trifling as it may 
ſeem, opened a new field of ſpeculation to phi- 
loſophical minds; and there are, perhaps, few 
or no facts, in the whole circle of the ſciences, 
from which ſo many curious and uſeful conſe- 


quences have been derived. Some of the greateſt 


myſteries in nature began now to be unveiled : 


the — extended his enquiries, and the 
mathema- 
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mathematician demonſtrated truths as ſublime 
and important, as they were new and ſurpriſing. 

Thoſe great men, Newton and Huygens, were 
the firſt who perceived the extenſive application 


of which this diſcovery was capable. They f 


ſeized the new truth with avidity ; and, by fol- 


lowing it through all its conſequences, obtained 


the ſolution of a problem, which ſeems beyond 
the reach of human abilities. This was no leſs 
than the determination of the true figure of the 
earth, which they diſcovered from mathematical 
conſiderations only; and notwithſtanding all the 


light that has been ſince thrown upon this ſub- 


ject, both from an actual menſuration of the 
earth, and from the laborious reſearches of ſome 
of the firſt philoſophers in Europe, the meaſure 
of Newton 1s generally conlidered as the moſt 
accurate, and 1s ſtill uſed in preference to all 
others. vg 

To enter into all the calculations that were 


| employed in this enquiry, would be foreign to 


my purpoſe. I ſhall only give you an account 
of the principles upon which they were founded, 
and leave the reit as a ſubject for your more 
mature conſideration and reflection. It is a 
known property of the pendulum, that all its 
vibrations are made in the {ame time; and that 
the time in which each vibration is performed, 
is in propostion to the ſquare root of the length 

of 


* 


5 ks Rr 
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of the rod: thus, a pendulum of thirty-fix Paris 


inches in length, makes its vibrations in a ſecond; 
and one of nine inches, makes its vibrations in 
half a ſecond ; ſo that the ſhorter the pendu- 
lum, the ſwifter it moves; and the longer it is, 
the ſlower it moves; the ratio being always the 
ſame as that before- mentioned. 

The time, therefore, in which any pendulum 
performs its oſcillations, depends as well upon 
the length of that pendulum, as upon the force 
which impels it towards the ſurface of the earth. 
If this force be diminiſhed, by any cauſe what- 
ever, the body, with a leſs capacity for motion, 
will employ a longer time to move through the 
ſame ſpace; and, in order that each vibration 
may be made in the ſame time as it was before 
this diminution took place, the length of the 
rod muſt be ſhortened, by which a new velo- 
city may be given to it that will be ſufficient 
to ſupply the defect. This was exactly the caſe, 
in the experiments made at Cayenne, and other 


places near the equator; the obſervers were 


obliged to ſhorten the rods of their pendulums, 


in order to make them perform their vibrations 


in the ſame time as at Paris; and from this 
it operly inferred, that gravity, or the 
for chen occaſions their deſcent, had actually 


ſuffered a real diminution. 


But by what caſe is it, that gravity is leſs 
pow eriul under the cquator, than at London or 


Paris? ? 
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Paris? This is the queſtion, upon which 3 
thing relating to this ſubject depends. Sir Iſaac 
Newton conſidered it in the following manner. 
The diurnal rotation of the earth is performed 


round an imaginary line, which paſſes through 


the two poles; and as the equator is farther 
diſtant from its center, than any other circle 
which is parallel to 'ic, it is plain, that thoſe 
parts of the earth which lie under the equator, 
will move with a greater yelocity than thoſe 
which are nearer to the poles; and of courſe, 
the equatorial regions will become more ele- 


vated than the polar ones; ſo that if the earth 


were an entire fluid, and the waters met with no 
obſtacles in their progreſs, they would recede 


from the poles towards the equator, and by that 
means flow in continually till they had formed 


an equilibrium, and could riſe no higher. 

This tendency of bodics to fly off from the 
center round which they move, 1s called the 
centrifugal force, the nature and exiſtence of 
which, may be made evident in a number of 
ways. When a mop is turned upon the arm, 
by a quick circular motion, the threads, or 
thrumbs, are obſerved to riſe higheſt in the 
middle; and the ſwifter the mop is whirled, the 


greater will be the force, and the particles will 


fly off with the greater velocity. The ſame 


thing is obſervable, when a ſtone is turned 


_—_ round, by means of a fling; the arm 


finds 
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finds itſelf ſtretched by a conſiderable force, 
which force is exerted upon it by the ſtone; in 
its endeavours to recede from the center ; and 
if the ſtone be diſengaged from the ſling, by a 
ſudden ſtop of the hand, it will immediately 
Manifeſt the tendency which it has to leave this 
conſtrained circular orbit, by its — di- 
rectly forwards in a ſtraight line. 

Beſides this, there is another force, which is 


called centripetal ; and is ſo denominated, becauſe 


it is directed towards the center, and acts in 
direct oppolition to the former. This force, in 


the preſent caſe, is the ſame as gravity; the 


nature of which may be thus explained. All 
heavy bodies, when left to themſelves, are ob- 
| ſerved to fall towards the earth in ſtraight lines, 
which are perpendicular to the horizon ; and 
if thoſe lines were continued, it is plain, from 
the nature of a globe, that they would all paſs 
through the earth's center. Every part of the 
earth, therefore, gravitates towards the center; 
and as this force is found to be about two hun- 
dred and eighty- nine times greater than the 
oppolite one, or that which ariſes from the ro- 
tation of the earth upon its axis, a certain ba- 
lance will conſtantly be maintained between 
them, and the earth will aſſume ſuch a figure, 

as would naturally reſult from the difference of 
theſe two contrary and oppoſite forces. 


-Þ 
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It is well known, that if an uniform beam, or 
rod, be ſuſpended in the middle, and left at 
reſt, the cords which ſuſtain the equal ſcales, or 
weights, that are hung at its two extremities, 
will take ſuch ſituations as are perpendicular to 
the horizon ; or, which is the ſame thing, ſuch 
as tend directly towards the center of the earth. 
But if a circular motion be given to this ba- 
Hance, the center of which is the point of the 
beam's ſuſpenſion, the ſcales will immediately 
fly out of the perpendicular lines, in proportion 
to the velocity of the circular motion ; ſo that 
the cords will no longer follow the uſual direc- 
tion of gravity, towards the center of the earth, 
but will take ſuch oblique ſituations, that the 
ſcales, or lower extremities, will be farther apart 
than any other two correſponding points of the 
cords. : 5 | 
This illuſtration is applied by M. Voltaire to 
the figure of the earth. Let us conceive, ſays 
he, a large balance, whoſe middle is ſuſpended 
at one of the poles, and whoſe extremities, or 
weights, extend to an equal elevation on each 
fide of the equator ; then it is evident, that if 
the earth, which we are now examining, turns 
upon its axis, and carries this balance round 

with it, by a circular motion, the cords, to 
which the weights are appended, will be re- 
moved from their former ſituation, out of the 
perpendicular lines on both fides, and will fly 
4 x | 


LET. xv. or THE FARTH, 255 
off to a greater diſtance at the equator, than at 
any other parts which are nearer to the poles; 
ſo that from this circumſtance, the figure of the 
earth, ariſing from its rotation on its axis, is 
ſufficiently manifeſt. | 
It was from circumſtances of this kind, bat 
in a way more mathematical and ſcientific, that 
Sir Iſaac Newton founded his ſublime calcula- 
tions upon this intereſting ſubject; and, as M. 
Fontenelle obſerves, determined the true figure 
of the earth without quitting his elbow-chair. 
The experiments of Richer, at Cayenne, firſt at- 
tracted his attention ; and by applying himſelf 
to the ſubject, he ſoon perceived the reaſon of 
all the phænomena which that gentleman had 
diſcovered. As gravity is the fame upon all 
parts of the earth, and the centrifugal force is 
greateſt at the equator, it is plain that the 
action of ſuch a force muſt diminiſh the weight 
of bodies, and occaſion them to fall with a leſs 
degree of velocity at the equator, than at places 
nearer to the poles. | 
Newton and Huygens were both engaged in 
theſe enquiries at the ſame time, and the reſults 
of their calculations were nearly alike : they 
each of them ſeparately conſidered, that this 
_ diminution of gravity, which manifeſts itſelf in 
ſuch bodies as are detached from the earth, and 
left to themſelves, mult alſo have the ſame in- 
fluence on the conſtituent parts of the earth, 
| which, 
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> which, by their mutual coherence, compoſe the 
ſolid maſs of the globe. From this obvious 
principle, which is agrecable to univerſal expe- 

N. rience, it was diſcovered, that the centrifugal 

force at the equator, is about a two hundred and 
eighty-ninth part of the force of gravity; or, 
which is ſame thing, that a body weighing two 
hundred and eighty- nine pounds at the pole, 
would weigh only two hundred and eighty- 
eight at the cquator. 

It has been eſtimated, that about three quar- 
ters of the ſurface of the earth are covered by 
the ocean; and as it is the nature of fluids, for 

their particles to be eaſily moved among them- 
ſelves, they will yicld and give way to theſlighteſt 5 
impreſſion. That diminution of weight, there- N 
fore, which ariſes from the action pt the centri- 
fugal force, will eaſily.manifeſt itſelf in all fluids; 
and as it has been ſhewn, that gravity acts leſs 
powerfully at the equator than at the poles, the 
waters will of courſe low towards the equato- 
rial regions, in order to balance thoſe at the 

poles. But this elevation is not confined to the 
waters of the ocean; the ſolid parts of the globe 
muſt alſo be ſubject to the ſame force; for if 
the lands which lic under the equator were not 
elevated in the ſame proportion with the waters, 
the ocean, leaving its bed, would ſubmerge the 
continent, and the greater part of the torrid 
zone would be one continued fea, 


This 
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This revolution, however, has not taken 
place. The Faſt and Weſt Indies, and a great 
part of the vaſt continents of Africa and Ame- 
rica, lie in the neighbourhood of the equator, 
and are ſuflicient proofs, that the earth riſes to 
defend itſelf againſt the invaſions of the ocean. 
Every part of the globe, therefore, from the 
center to the circumference, is ſubje& to the 
action of a centrifugal force; and ſuppoling the 
primitive figure of the carth to have becn that 
of a globe, which is the ſhape it would naturally 
aſſume from the mutual attraction of its con- 
ſtituent parts, this force, or the action ariſing 
from a conſtant rotation upon its axis, would 
evidently change it into an oblate ſpheroid, or 
a body nearly reſembling a turnip, or an orange. 
This was the figure determined by Newton, who 
found, by mathematical calculations, that the 
polar diameter of the earth is to the equatorial, 
as two hundred and twenty- nine is to two hun- 
dred and thirty; or, that the regions of the 
equator are elevated about thirty-five miles more 
than thoſe at the poles. 

Who could have imagined, that ſuch a ſimple 
circumſtance as the retardation of clocks in 
certain climates, and the neceſſary ſhortening 
of the pendulum, would have given birth to 
ſuch a grand and important diſcovery, as that 
of the true figure of the earth! But ſuch is the 
wonderful connection and ſecret dependence of 


8 | things; 


2 
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things; nature is uniform in all her operations, 
and it is her peculiar excellence, that ſhe often 
produces the greateſt effects from the moſt ap- 


parently trivial cauſes. To diſcover this hidden 


correſpondence, is the privilege only of ſuperior 
minds; and ſuch is the ignorance and envy of 
the multitude, that the man who firſt announces 
theſe truths to the world, is often conſidered as 
no other than a troubleſome innovator of new 
doctrines, Which ſerve only to diſturb the peace 
and happineſs of mankind. Newton, the, great 
father of philolophy, was more happily circum- 
ſtanced; he had the good fortune to live in an 
enlightened age, when bigotry and ſuperſtition 
were every day loſing ground: his genius ſet 
him at ſuch a height above the reſt of mankind, 
that but few, even among the learned, were 
proper judges of his merit; they admired his 
reſearches, but doubted the truth of his conclu- 
ſions. I a fallu (fays Monſ. Bailly) du tems & 
de longues etudes pour comprendre Newton, 
& ſe rendre digne de recevorr ſes legons.. 

The figure of the earth, however, is a mathe- 
matical truth, which is confirmed by analogy ; 
tor by means of a good teleſcope, it 15 eaſy to per- 
ceive, that the planet Jupiter is flattened about 
his poles, in ncarly the ſame manner as has been 
aſſerted of our earth. What exiſts in one planet, 
therefore, is poſſible in another; and as it appears 
highly probable, that matter is every where en- 

2 ä dowed 
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dowed with ſimilar properties, it is natural to in- 
fer, that the ſame force which has compreſſed the 
globe of Jupiter, has alſo occaſioned a like 
_ alteration in our earth. Jupiter is compoſed of 
a heavy matter, which is capable of attracting 
his ſatellites in the ſame manner as our earth 
attracts the moon; but as his rotation upon bis 
axis is performed with a greater rapidity than 
that of the earth, ſo the alteration in his figure 
is found to be much more conſiderable, as would 
naturally follow from ſuch a motion. The rela- 
tion of his diameters, according to Newton, is 
nearly as twelve to thirtcen, and the difference 
between his equatorial and polar diameters is 
about ſix thouſand two hundred and thirty 
miles, | 


SE LET. 
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LETTER mT 
THE SAME SUBJECT CONTINUED. 
ET us now quit the reſearches of Newton, 
and ſee how far his mathematical deduc- 


tions have been confirmed by experience. This 
is the true teſt of all hypothetical reaſoning, and 


is what he himſelf lays down as the baſis or 


foundation of every philoſophical enquiry. The 
great utility and importance of this intereſting 
ſubje&, was far from being unknown to the 
ancients. We are aſſured from the teſtimony 
of Herodotus, and other early hiſtorians, that at- 
tempts had been made to diſcover the true figure 
of the earth, by many of the moſt celebrated 


mathematicians of antiquity : Ptolemy, in his 


Almageſt, has preſerved the meaſures of Hip- 
parchus, Eratoſthenes and Poſidonius, who all 
lived before the time of Chriſt ; and from what 
M. Bailly has advanced in his Hiſtoire de l' Aſ- 
tronomie Modernc, it appears highly probable, 
that this ſingular enterpriſe had been undertaken 
in the ſtill more remote ages of the world. 
But as all the determinations of the ancients 
are uncertain, on account of our being unac- 
quainted with the length of their ſtadium, or 
| principal 
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principal meaſure, I ſhall paſs over the peculiar 


methods and operations they employed, and pro- 


ceed to thoſe of the moderns, which are far 


more accurate and ſcientific. Riccioli attempted 
to meaſure the earth according to a method 
mentioned by Kepler. It was known from ob- 
ſervation, that heavy bodies, in falling, tend 
towards the center of the earth. And as the 
diſtance of any two places upon the ſurface of 


the earth may be conſidered as the baſe of a tri- 


angle, whoſe vertex is at the center, he mea- 
ſured a large baſe of this kind, in the maſt ac- 
curate manner poflible, and found the angles 
which it made with a plumb line at each of its 
extremities. The ſum of theſe angles, by a pro- 


perty in geometry, being taken from a hundred 


and cighty degrees, gave him the angle at the 
vertex ; and as he had now obtained the mea- 


ſure of an angle at the center of the earth, and 
the length of a correſponding arc upon its ſu. - 


face, it was eaſy, by the rule of proportion, to 
find. the length of the whole circumference, 
For, by the property of rhe circle, as the degrees 
in this angle are to the length of the baſe, ſo 1s 
three hundred and ſixty degrees to the circum- 


ference required. | 
This method of Riccioli, however, is more 


ingenious than accurate; he wanted to meaſure 
the earth, without having recourſe to celeſtial 
obſervations ; but the independence, to which 
"$4 he 
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he aſpired, was not to be obtained. Order and 
regularity are only to be found in the heavens z 
and it is to them we are indebted for almoſt all 
we know of the earth. We are deceived by 
every thing around us ; even our ſenſes mitlead 
us; and what we think onrſclves the beſt ac- 
quainted with, frequently proves to be an 
illuſion. Objects ſeen at a diſtance never appear 


in their true places; they are always more or leſs 


elevated, according to the ſeaſon, and the hour 
of the day; and on this account, it is not eaſy 
to determine either their true height, their di- 


rection, or the angle at the center, which de- 


pends upon this direction. By not attending to 
theſe particulars, Riccioli was miſtaken near ſix 
thouſand toiſes in the length of a degree. 

The next who attempted to find the circum- 
ference of the carth was Snellius, a German. 
He meaſured the diſtance between Alcmaer and 
Bergen-op-zoom; and by taking the celeſtial arc, 
which correſponds to this diſtance; with proper 
inſtruments, he found the length of a degree to 


be ſifty- five thouſand and twenty-one toiſes. 


But the perſon who engaged in this enterpriſe 
with the molt ſucceſs, was our countryman Mr. 
Richard Norwood. In the year 163 5, he took the 
ſun's altitude, when it was in the ſummer ſolſtice, 


both at London and York, with a fſextant of 


five feet radius, and by that means found the 
difference of latitude between thele two cities 
| | to 
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to be two degrees and twenty-cight minutes, 
He then meaſured their diſtance, in as exact a 

manner as poſſible ; and having taken into the 
account all the turnings and windings in the 
road, with the aſcents and deſcents, he reduced 
it to an arc of the meridian, and found it to 


contain twelve thoutand, eight hundred and 


forty-nine chains ; and this diſtance, being com- 
pared with the difference of latitude, gave him 
five thouſand, two hundred' and nine chains to 


a degree, or about fifty-ſeven thouſand three 


hundred French toiſcs. 

This method will want no explanation, if the 
two places be conſidered as lying under the 
ſame meridian, which indeed 1s nearly the caſe; 
for then the terreſtrial and ccleftial* arcs will 
exactly correſpond with each other, and the 
relation of either of them to the whole circum- 


ference will be readily found. The ſame thing 


may alſo be eafily performed by trigonometry, 
when the two places lie under different meri- 
dians; for if we meaſure the diſtance of any two 
objects, and take the angles which each of them 
make with a third, the triangle, formeq by 
the three objects, will become known; ſo that 
the other two ſides may be as accurately deter- 
mined by calculation, as if they had been ac- 


tually meaſured in the ſame manner as the ſirſt. 


And by making either of theſe ſides the baſe of 


a new triangle, the diſtances of other objects 


„„ may 
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may be found by trigonometry as before; and 
thus, by a feries of triangles, connected toge- 
ther at their baſes, we might meaſure the whole 
circumference of the earth. But this would be 
an enterpriſe as uſeleſs as it is laborious: for 
ſince we know the relation which any part of a 
circle bears to the entire circumference, the 
meaſure of a few degrees, or even of one ſingle 
degree, will be ſufficient to give the meaſure of 
the whole. | | 0 
But all the meaſures that had been hitherto 
taken, were ſubject to many inaccuracies, on 
account of the little attention that was then paid 
to the niceties of inſtrumental obſervations. 
The means of preciſion, which have ſince been 
found ſo neceſſary to an exact inveſtigation of 
this delicate ſubject, were then wanting; and 
without them, it was impoſſible for either genius 
or induſtry to avoid conſiderable errors. By 
applying the teleſcope to the quadrant, and fur- 
niſhing it with a micrometer, we are able to 
direct it with more certainty to the object, and 
to find the meaſures of angles with far greater 
exactneſs, than could have been done by thoſe 
who were unacquainted with theſe admirable 
inventions. | 
The academy of Sciences at Paris, perceiving, 
from theſe conſtderations, the neceſſity of a new 
meaſure of the carth, repreſented the execution 
of it as a matter of national honour and im- 
| portance. 
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© oe 


were men of liberal and enlarged minds; im- 


ſomething more than empty praiſe, as a reward 
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portance. All the ſtates of Europe were now 
enjoying the bleſſings of a profound peace; and 
in this interval of happineſs and repoſe, when 
the voice of genius could be heard, and the ta- 
lents of individuals united, and directed to one 
object, the Academy, with a zeal not always to 
be found in large bodies of men, were unani- 
mouſly diſpoſed to encourage and aſſiſt in the 
undertaking. This was a moment favourable 
to the ſciences; both the king and his miniſters 


provements were conſtantly made in every 
branch of uſeful knowledge, and genius had 


for its labour. | 

Monſieur Picard was the perſon employed 
to perform this important buſineſs. He began | 
by meaſuring the diſtance between Villejuif and pi. vm. 


five thouſand fix hundred and ſixty- three toiſes, 
was the one to which he referred all his calcu- 
lations. He next placed himſelf at Juviſy, and 
by directing the teleſcopic ſights of his quadrant, 
the one to the wind-mull at Villejuif, and the 
other to the ſpire of the church at Brie, he 
meaſured the angle ſubtended by theſe two ob- 
jects. Leaving his preſent ſtation, he removed 
himſelf to Villejuif, and by meaſuring the angle 
between Juviſy and Brie, the diſtance between 
Villejuif and Brie was found, by calculation, to 
| | be 
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diſtance he made a new baſe; and by forming 
à ſecond triangle between Brie, Villejuif, and 
Monthlen, he found the diſtance, in like man- 
ner, between Brie and Monthleri, to be thirteen 
| ' thouſand, one hundred and twenty-one toiſes. 
0 le then formed a third triangle between Month- 
| leri, Brie and Monjay ; a fourth between Month- 
leri, Brie and Malvoiline ; and a fifth beten 


Malvoiſine was found to be thirty-one thou- 
ſand, eight hundred and ninety-{even toiſes. 

In like manner, by means of thirteen triangles, 
he proceeded as far as Sourdon, near Amiens, 
and found the diſtance between Sourdon and 
Malvoiſine to be ſixty- eight thoufand, four hun- 
dred and thirty toiſcs. But as calculations are 

no leſs ſubject to errors than mechanical opera- 
tions, Picard, in order to avoid every inaccuracy 


and found its length, both from a continuation 
of his oometrical operations, and from an 
actual menſuration; and as theſe exactly agreed, 
he could no longer doubt the truth of his former 


rated by ſo large a diſtance, it was impoſſible for 
them to correſpond, but by a perfect exactitude 
in all the intermediate ſteps. 


This 


be eleven thouſand and twelve toiſes. This 


Monthleri, Monjay and Mareil; and from all 
theſe meaſures, the diſtance between Mareil and 


of this Kind, took a new baſe near Sourdon, 


calculations. For as the two bafes were ſepa- 
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This part of his project being finiſhed, he had 


now got to reduce the diſtance between Sourdon 


and Malvoiſine to an are of the meridian. For 
this purpoſe, he placed himſelf at the obſerva- 
tory at Paris, and found the angle which the 
ſun's center made with an object in the horizon, 
at the time of his ſetting; for inſtance, with 
the ſpire of the church at Monthleri. And as 
this angle was known frofif obſervation, and the 
ſun's motion being ſufficiently underſtood for 
him to find the angle which its center made 
with the meridian at the time of its ſetting, it 
was eaſy to find the angle which the ſpire of 
Monthleri makes with the meridian that paſſes 
by the Obſervatory of Paris. And' by a fre- 
quent repetition of ' theſe obſervations, as he 
followed the chain of his triangles, he aſſured 
himſelf of the direction of the meridian; and 
by ' that means, 'was enabled to draw it with 
more exactneſs in the chart which contained his 
operations. TE 
Having obtained this terreſtrial diſtance to ſo. 
great a degree of accuracy, he had only to find, 
the celeſtial arc which correſponded with it. 
This he did by obſerving the meridian diſtances 
of the ſame ſtar, both from the zenith of Sour- 
don and Malvoiline, and taking their difference; 


and as this difference, which he found to be. one 


degree, eleven minutes and ſifty- ſeven ſeconds, 
anſwered to a diſtance of ſixty-eight thouſand, 
| | | four 
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four hundred and thirty toiſes upon the earth, 


he concluded, by the rule of proportion, that 
the length of a degree muſt be fifty-ſeven thou- 
ſand and ſixty-four toiſes. But having con- 
nected Amiens to his ſeries of triangles, and 
finding from this new meaſure, that a degree 
would be fifty-ſeven thouſand and fifty-ſeven 
toiſes, he took a mean between the two, and 
fixed his degree at fifty-ſeven thouſand and ſixty 
toiſes, or about ſixty- nine and a half Engliſh 
miles. All the .angles were taken with a qua- 
drant of thirty-eight inches radius, properly 
furniſhed with teleſcopic fights, and the zenith 
diſtances of. the ſtars, with a ſextant of ten fect 
radius; ſo that with theſe inſtruments, and the 
known abilities of the obſerver, but little 
doubt could be entertained of the accuracy of 
his meaſures. 

But in order that this fabjea might be ſettled 
with the utmoſt preciſion poſſible, it was deter- 
mined by the French king, that the whole arc 
of the meridian, paſſing through France, ſhould 


be meaſured in the fame manner; and this great 


work, which was undertaken by Picard, de la 
Hire and Caſſini, was finiſhed by the latter in 


the year 1718. He divided the meridian of 


France into two arcs, which were meaſured 
ſeparately ; the one from Paris to Collioure, had 
given him fifty- ſeven thouſand and ninety- ſeven 


coiſes to a degree; the other from Paris to 


Dunkirk, 
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Dunkirk, fifty-ſix thouſand nine hundred and 
ſixty; and the whole arc, from Dunkirk to 
Collioure, fifty-ſeven thouſand and ſixty; which 
was the ſame as had been before determined by 
Mr. Picard. 

Theſe ſurveys were all eden upon 2 
ſuppoſition that the earth was à perfect ſphere; 
but the truth of this doctrine began now to be 
much controverted. Newton and Huygens had 
ſhewn, from the known laws of gravitation, 
that the true figure, of the earth was that of an 


oblate ſpheroid, flattened at the poles, and pro- 


tuberant at the equator. Dominique Caſſini, 


on the other hand, depending more upon the 


accuracy of his meaſures, than upon deductions 
drawn from theoretical reaſoning, aſſerted it to 


be that of a prolate ſpheriod, flattened at the 


equator, and protuberant at the poles. To de- 
cide this important queſtion, which had now be- 
come a national concern, it was ordered by the 
French king, that a degree ſhould be meaſured, 
both at the equator and polar circle; ſo that 
from a compariſon of theſe with that in France, 
the true figure of the earth might be determined 
in as exact a manner as poſſible. 

For this purpoſe, Meſlieurs Maupertuis, Clai- 
raut, Camus, -le Monnier and Outhier, were 
ſcent to the north of Europe, to meaſure the re- 
moteſt degree they could reach; and Meſſieurs 
Godin, Bouger, and la Condamine, to Peru, in 


South 
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South America,' to meaſure a degree near the 
Equator. 'The firſt of theſe companies began 
their operations at Tornca, near the Gulph of 
Bothnia, on the 8th of July, 1736, and finiſhed 
them about the beginning of June, 1737. Mr. 
Maupertuis, ſoon after their return to France, 
publiſhed an exact and intereſting account of all 
their tranſactions ; and as this enterpriſe was 
conducted by men of ſcience and abilities, who 
appear to have uſed cvery precaution which the 
delicacy of the ſubject required, I ſhall give you 
a ſhort abſtra& of their proceedings, and refer 
you, for further particulars, to the work itſelf. 
Plate IX. is a map of the country, where 
the arc of the meridian was meaſured; and 
fg. 1, 2, a ſeries of triangles, reaching from Tor- 
nea to Kittis. Theſe being connected together 
at their baſes, by proper ſignals, they meaſured 
with a quadrant of two fect radius, all the angles 
about the points T, K, u, C, B, A, H, N, P and 
Q, and reduced them to the plane of the hori- 
zon. After this, the line Bb, which was made 
the baſe of all their operations, was meaſured 
twice over, by two ſeveral companies; and as 
this was the longeſt line that had ever been 
taken upon ſuch occaſions, and lay entirely upon 
the plain ſurface of the ice of the river, but 
little doubt could be made of its having been 
accurately determined, | 


Ile 


LET. XV1. OF THE EARTH. 271 


The length of this line B 6, being thus found, 
by an actual menſuration, and all the angles of 
the triangle B A 6b, being known from obſerva- 
tion, it was eaſy, by a trigonometrical proceſs, 
to find the length of the line AB; and by having 
A B, and the angles of the triangle A B C, the 
length of the line A C might be found in the 
ſame manner. This was accordingly done; and 
a like operation being carried on through all 
the triangles ACH, CH K, CK T, AHP, 
HN P and NPQ, the reſults gave the lengths 


of the lines AP, PQ, A C and CT, which were 


the weſtern boundaries of the ſurvey, from Q to 
T. And from another ſeries of triangles A CH, 


CHK, CKT, HKN, HNP and NPQ, 


which were reſolved in the ſame manner, they 
determined the eaſtern boundaries of the ſurvey, 
QN, NK and KT. 


_ Having found the length of theſe lines as ac- 


curately as poſlible, the next thing to be done, 
was to determine the angles which they made 


with the meridian QM. For this purpoſe, an 
inſtrument was fixed upon the centre of the ſig- 


nal at Kittis; and the time of the ſun's paſſage 
over the vertical circles which paſs through Pul- 
lingi and Niemi being very exactly noted, it was 


caſy, from the time, thus found, the latitude of 


the place, and the ſun's declination, to find the 
bearing of the lines QP and Q N; or the angles 
POD and NQ. This was done by a propo- 
ſition in ſpherical trigonometry; and from fimilar 
obſervations, 
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_ obſervations, made at the points P, C, Land K, 
the angles APE, ACF, CTG, KNL and 
K T g were determined in the ſame manner. 
In the right-angled triangles DQP, APE, 
ACF and CT G, there were now given one 
fide in each, and all the angles; and from theſe 
data they obtained the parts of the meridian 
P D, AF, AF and CG, whoſe ſum was equal 
to the whole arc QM. This was preciſely the 
thing wanted; but as the right-angled triangles 
QN d, KNL and K TG had alſo one fide in 
each, and all their angles given, theſe were ſolved 
in the ſame manner as before; and the parts 
N d, KL, and K g, being added together, gave a 
new meaſure of the arc QM; which being 
added to the former one, and a mean taken be- 
tween them, it was found that an arc of the 
meridian contained between the parallels of 
Tornea and Kittis, was equal to fifty-five thou- | 
ſand, twenty-three and a half toiſes. And as the 
amplitude of this arc was found, by means of the 
zenith diſtances of certain fixed ſtars, to be 57 
minutes, 28 and 2 ſeconds, it was determined, 
aſter proper corrections, that the true length of 
a degree of the meridian which cuts the polar 
circle is fifty- ſeven thouſand four hundred and 
twenty-two toiſes. | | 
This 1s the reſult of the meaſures made by the 
- Academicians in the north. Thoſe who were 
ſent to Peru, in South America, had ſtill greater 
diſliculties to encounter than their friends in 
| Lapland, 
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Lapland, and were a longer time employed in 
their operations. They ſet out upon their ex- 
pedition about a twelvemonth before the former, 
and did not finiſh their ſurvey till the year 1741. 
The province of Quito was the place fixed upon 
as the propereſt for their purpoſe. Here they 
meaſured an arc of the meridian, of three de- 
grees, ſeven minutes, and one ſecond, and found 
it to contain 176950 toiſes; which being reduced 
to the level of the ſea; and properly corrected; the 
firſt degree of the meridian, from the equator; 
was found from thence to be equal to 567 53 toiſes. 
Theſe meaſures afford a complete demonſtra- 
tion that the earth is flattened at the poles, and 
protuberant at the equator. For had the figure 
of it been a globe, as was formerly imagined, a 
degree of the meridian, in every latitude, would 
have been found of the ſame length; and had 
the figure been that which was given to it by 
Caſſini, a degree at the polar circle would have 
been found leſs than a degree at the equator. 
But as a degree at the equator appears to be 
about 307 toiſes leſs than a degree in France, 
and about 669 toiſes leſs than a degree at the 
arctic circle, it is eaſy to ſhew, that the figure 
of the earth muſt be nearly the ſame as it was 
aſſigned by Newton. 
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LETTER: AAL 


Or ru Dis rANcES AND MAGNITUDES OF THE SUN, 


Moon, AND PLM ETS. 


T was 2 queſtion, put by Mr. Molineaux to 
Mr. Locke, whether a blind man, who had 
been taught to diſtinguiſh a globe from a cube 


dy the touch, would be able, if he could be 
made to ſee, to tell which was the globe and 


which the cube, by the uſe of his ſight only. 
This queſtion he anſwered in the negative; and, 
in his celebrated Eſſay on the Human Under- 
ſtanding, has ſhewn that a perſon, ſo circum- 


ſtanced, could have no dependence whatever 


upon his newly acquired ſenſe, but would find 
himſelf totally unqualified to judge either of the 
fituation and diſtance of objects, or of their 


magnitude and figure. 


A young man, who had been born blind, had 
the uſe of his eyes given to him by Mr. Chiſel- 


den, an eminent ſurgeon of that time, and all 


the ideas of the youth, on whom this ſingular 
operation was performed, were in favour of 
Mr. Locke's opinions. At the age of about 
fourteen years, he ſaw the light for the firſt 
time in his life; and was ſo perplexed and em- 
barraſſed with every thing about bim, that he 

| ſcarcely 
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| ſcarcely knew what to make of his new ſitua- 
tion. For a long time, he could form no judg- 
ment of things by the uſe of that ſenſe alone. 
An object of an inch in diameter, placed before 
his eyes, which concealed a houſe from his fight, 
appeared to him as large as the houſe. What- 
ever he ſaw, ſeemed to be upon his eyes, and to 
touch them, as the objects of the ſenſe of feeling 
touch the ſkin. | 
It was alſo obſerved, that what he had judged 
to be round, by the help of his hands, he could 
not diſtinguiſh from what he had judged to be 
ſquare; nor could he diſcern by his eyes, whe- 
ther what his hands had perceived to be above 
or below, was really above or below. It was 
not till after two months experience, that he 
could tell pictures from ſolid bodies : he thought 
bodies, and not ſurfaces, were in the painted | 
canvas; and when he applied his hand to them, || 
was amazed to find that they vaniſhed from his t 
touch. He was continually aſking which of the 1 5 
ſenſes it was that deceived him, that of feeling, f 
or that of ſeeing. Nor could he underſtand 
how it was poſlible for his houſe to be larger 
than his chamber; and even after he had ac- 
quired the proper uſe of his eyes, he was utterly | 9 
at a loſs to conceive how ſight had given him 
that idea. | 4s 1 
This was an indiſputable deciſion, that the by 
manner in which we ſee objects, is no imme- 
; Ta: - cate. 
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diate conſequence of the angles formed in our 
eyes; for the ſame angles were formed in the 
eyes of this young man, but they were of no 
_ uſe to him without the aid of experience, and 
the other ſenſes. In what manner then do we 
repreſent magnitudes and diſtances to ourſelves !? 
and how do we judge of the figure and ſituation 
of objects? Certainly by the joint uſe of the 
ſenſes of ſeeing and feeling together, and not by 
means of either of them ſeparately employed. 
Neither the touch, nor the ſight, can any more 
convey an idea of the figure or magnitude of a 
body to the mind, than the taſte can convey an 
idea of colour. 
After having acquired theſe ideas by expe- 
rience, the mind has received impreſſions which 
remain with her for ever afterwards. Being 
now enlightened and inſtructed, ſhe forms a 
judgment without entering into all the circum- 
ſtances and deductions that were neceſſary for 
her firſt information; and, like a ſkilful artiſt, 
employs the feweſt means to attain the end pro- 
poſed. Having thoroughly acquainted ourſelves 
with the objects around us, we find connections 
and relations that enable us to form a judgment 
of thoſe that are more remote; and by creating 
to ourſelves artificial organs, which ſupply the 
defects of the natural ones, we extend our facul- 
ties beyond the apparent limits preſcribed to them 
| | | by 
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by nature, and ſubject the ſenſe of feeling to 
the ſenſe of ſight. | 

Aſtronomy has enlarged the ſphere of our 
conceptions, and opened to us an univerſe with- 
out bounds, where the human imagination is 
loſt. Surrounded by infinite ſpace, and ſwal- 
lowed up in an immenſity of being, man ſeems 
but as a drop of water in the ocean, mixed and 
confounded with the general maſs. But from 
this ſituation, perplexing as it is, he endeavours 
to extricate himſelf, and by looking abroad into 
nature, employs the powers ſhe has beſtawed 
upon him in inveſtigating her works. He pro- 
portions his own duration to that of the world; 
and repreſenting to himſelf the inſenſible flux 
of time by ſimilar analogies, he forms an idea 
of things which have no immediate exiſtence, 
and places before his mind a picture of the paſt, 
preſent, and future ſtate of the world. 

Theſe are the fruits of genius and curioſity. 
To an active and perſevering mind apparent 
impoſſibilities become probable: where the will 
and deſire are not wanting, we are always able 
to extend the circle of human activity beyond 
its ordinary limits. The progreſs of reaſon, 
and the powers of the imagination, are almoſt 
without bounds; and if we add to theſe, the in- 
vention of inſtruments, which are ſo many new 
organs of power and perception, man becomes 
2 being worthy of admiration. ' He increaſes 
8 8 1 _ lis 
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his ſtrength by the aſſiſtance of the elements, 


augments and multiplies the powers of his ſenſes, 


aflures himſelf of their truth, and corrects their 


errors; and by this means creates to himſelf a 


new bcing, and adds to his faculties an exten- 
ſion and exactitude which nature ſcemed to have 


denied him. 


It ſhould appear, that Aſtronomy depends al- 
together upon the ſight, This is the moſt ex- 
tenſive of all our ſenſes: it tranſports us every 
where, and enables us to enjoy the entire ſpec- 
tacle of the univerſe. 


1% Takes in, at once, the landſcape of the world, 
At a ſmall inlet, which a grain might cloſe, | 
And half creates the wonderous world we ſee.” 


Youns. 


But this ſenſe, like all the other, 1s ſubject to 


_ deluſion; and requires frequent correction before 
it can give us a perfect idea of the ſituations, 


magnitudes and diſtances of bodies. Of thoſe 
objects that are near to us we may form a concep- 
tion, by ſubjecting them to a rigorous examina- 


tion; but when they are inacceſſible, and we 


have no means of tranſporting ourſelves to 
them, it ſhould ſeem that we have arrived to 
the utmoſt limits of our knowledge and power. 
When we look at the heavenly bodies, the ſight 
repreſents them as very ſmall, and the mind, at 
the ſame time, conceives them to be very large ; 

| but 
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but how do we know that they are in reality 
large? How is it that the mand contradicts the 
ſenſes? And how, in this immenſe abyſs of 


| ſpace, can we contrive to reconcile them to each 
other? | 


Some of the moſt ſimple contrivances have 
frequently given birth to the grandeſt inventions 
of art. We touch with a ſtick what we cannot 
reach with our hands, and this gives us an idea 
of diſtance and ſolidity, without approaching 
the object. A rod of wood, or metal, pointed 
towards the ſun, or a ſtar, in ike manner, ſhews 
its direction; and by means of the viſual ray, 
which paſles along the rod, from the object to 
the eye, we obtain an idea of its ſituation ; and 
thus aflure ourſelves of a truth, which the un- 
aſſiſted ſight could never have acquainted- us 


with. 


But this is ſuflicient only for determining the 
direction of a ſingle object; when there are two 
objects, or only one of a certain extenſion, it will 
inform us neither of their diſtance nor magni- 
tude. We mult now have two rods, or an in- 
ſtrument with two branches; and by directing 
the ſight ſucceſſively along each of theſe rods, 
their inclination or opening wall preſent us with 
an exact meaſure of their diſtance. But how, 
it may be aſked, can an angle determine the diſ- 
tance of objects? This is a new mode of mea- 


(uring, apparently foreign to the purpoſe : lines 


14 are 
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are meaſured by other lines, of a certain length, 
ſurfaces by ſquares, and ſolids by cubes, or by 
their weight; but here the meaſure is an angle. 
How is the quantity of this angle to be deter- 
mined? and when the quantities are different, 
how are they to be compared together ? 

Theſe inventions are the produce of genius 
and penetration, their excellence being hid in 
the ſimplicity of the operations. If we repreſent 
to ourſelves the time when Geometry was in 
its infancy, when men were not accuſtomed to 
conſider the properties of figures, we may eafily 
perceive how much they muſt have been em- 
barraſſed with theſe difficulties, and what talents 
and induſtry it required to conquer them. It 
muſt, undoubtedly, have been the work of 
time; many attempts, and many preliminary 
inventions, muſt have been previouſly thought 
of; which would be difficult becauſe they were 
the firſt, and ſublime becauſe they were ſimple. 

Simplicity 1s, at preſent, reckoned the ſupreme 
merit of all new inventions; and this is only to 
be obtained by ſuperior minds; all great diſco- 
veries are generally preceded by tedious efforts, 
and a long complication of circumſtances, which 
are often foreign to the purpoſe, but ending at 
laſt in a ſimple and happy concluſion which was 
never expected. If this be the caſe now arts 
and ſciences have arrived to ſuch a degree of 
perfection, and when minds are enlightened by 
| a free. 
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a free communication with each other, how muſt 
it have been when the arts were in their infancy, 
and a ſingle ſolitary genius was combating the 
prejudices of a groſs multitude, whoſe ideas 

were as rude as their manners were barbarous. 
In examining our new inſtrument, it may be 
obſerved, that as two ſtars become more diſtant 
from each other, we muſt open the rods ac- 
cordingly, and make them recede farther from 
each other, by a movement of rotation, round 
that extremity which is common to them both. 
And by making them move entirely round the 
center, we find that this revolutian is always a 
certain fixed and invariable meaſure. Whatever 
be the diſtance of the two ſtars, whether great 
or ſmall, the opening of the rods will be always 
an aſſignable part of the whole revolution; ſo 
that if the two rods be equal, and their extre- 
mities be made to move over a circle of wood 
or metal, the path deſcribed by them will im- 
mediately become known. And if the circum- 
ference of this circle be divided into equal parts, 
or degrees, we can tell what part of the circle 
the moveable rod has deſcribed ; and thus every 

diſtance becomes meaſurable. I; 

This ſimple, admirable inſtrument, and the 
meaſuring of celeſtial diſtances by means of 
angles formed by a circular movement, are con- 
P Frances of ſuch extenfive utility and import- 
* ance, that they merit our higheſt encomiums. 
| "THe 
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The authors of theſe inventions improved the 
ſciences, and extended the circle of human in- 
telligence. All that has been done ſince, has 


been only to advance a few ſteps farther in the 


ſame path. Our moſt ingenious and celebrated 
inſtruments are little more than this primitive 
inſtrument improved. The efforts and ſucceſs 
of the moderns cannot be too much praiſed ; 


but if the labour of ages has enabled us to cor- 


re& our maſters, we ought not to forget that 
they invented what we Jos brought fo near 


to perfection. 


Aſtronomy furniſhes us with a variety of me- 
thods for determining the diſtances of the celeſ- 


tial bodies; but as many of them are involved 
in long calculations, which are intelligible only 
to mathematicians, I ſhall confine myſelf to 


thoſe that admit of the moſt familiar explana- 
tion, and endeavour, by that means, to ſet the 
ſubject in ſo clear a light, that you can no 
longer doubt of the poſlibility of reſolving this 
curious problem, We will firſt begin with the 
moon : this planet is nearer to us than any of 
the reſt, and the method of finding her diſtance 
from the earth being once known, it will be eaſy 
to perceive that the diſtance of any other plane: 


may be determined in nearly the ſame way. 


The firſt thing to be done, in the method 1. 
am about to deſcribe, is to find the moon's hori- 
zontal parallax, or the difference between the 

* 
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place of the moon when ſhe appears in the hori- 
'zon, to a ſpectator on the earth's ſurface, and 
her place as it would appear to a ſpectator placed 
at the earth's center. This problem is no leſs 
curious than the one it is meant to elucidate: 
it is the ſame thing as to find the angle under 
Which the ſemi- diameter of the earth would ap- 
pear, at a certain time, to an obſerver placed at 
the center of the moon. That this can be done, 
muſt appear very extraordinary to a perſon un- 
acquainted with aſtronomical principles; but 


the determination, ſingular as it may ſeem, is 


far from being impracticable. 


It will be ſufficient to ſhew you the bare EP) : 


| bility of the thing, without entering into the 
minutiæ of practice. For this purpoſe, let us 
| ſuppoſe an obſerver to be placed upon any point 
A, of the equator B A C, at the time the moon 
moves in the equinoctial DMP, then, as this 
latter circle. is in the plane of the former, the 
moon will paſs directly over his head, and de- 
ſcend perpendicularly to the horizon EN. In 
this ſituation of the ſpectator upon the earth's 
| ſurface at A, the moon will appear to have de- 
ſcribed a quarter of a circle, or ninety degrees, 
in paſſing from the zenith M to the ſenſible ho- 
rizon at N; but to a ſpectator placed at the 
center of the earth O, ſhe would appear to have 
deſcribed a quarter of a circle when ſhe came to 
the rational horizon at P. But the moon re- 


4 volves 


Plate X. 
fig. 1. 
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volves round the earth, from the meridian to 
the meridian again, in about twenty-four hours 
and forty-eight minutes ; ſhe will therefore re- 
volve from M to P in ſix hours and twelve mi- 
nutes; and if the time ſhe takes in moving from 
M to N be found by obſervation, and taken from 
ſix hours twelve minutes, the time of moving 
from M to P, the remainder will be the time 
employed in deſcribing the arc N P. 

Having thus found the meaſure. of the arc 
NP in time, we can convert it into degrees and 
minutes, as follows: As the time of deſcribing 
the arc MN, which is found by obſervation, is 
to ninety degrees, ſo is the time of deſcribing 
the arc NP, to the degrees and minutes in that 
arc. But this arc is the meaſure of the angle 
N OP, or of its equal ON A; for ſince the lines 
AN and OP are parallel to each other, it is a 
known property of geometry, that the angle 
N OP will be equal to the _ ONA. This 
angle ON A is called the moon's horizontal pa- 
Lallax, and as that is now found, we can eaſily 
determine the diſtance of the moon from the 
earth's center. For it 1s a maxim in trigono- 
metry, than when any three things in a plane 
triangle are known, except the three angles, the 
reſt may be found by calculation. 

Now, in the triangle A ON we have the ſide 
OA, equal to halt the diameter of the earth, 
which, from an actual menſuration of the cir- 
: | | cumference, 
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cumference, has been found to be about 3960 
miles; the angle ON A, or the moon's hori- 
zontal parallax, has alſo been found by obſerva- 
tion ; and the angle O AN is a right angle, be- 
cauſe O A is perpendicular to the ſenſible hori- 
zon E N. Theſe three things, therefore, are 
known, and are ſufficient data for determining 
the reſt. The ſide of the triangle ON is the 
diſtance of the moon from the center of the 
_ earth O; and this diftance, by a ſingle trigono- 
metrical operation, is found to be, at a mean 
rate, about ſixty ſemidiameters of the earth, or, 
in round numbers, about 240,000 miles. 

But the true quantity of the moon's hori- 
zontal parallax cannot be accurately determined 
by this method, on account of the varying de- 
dlination of the moon, and the inconſtancy of the 
horizontal refractions, which are perpetually 
changing according to the ſtate the atmoſphere 
is in at the time. For the moon continues but 
for a ſhort time in the equinoctial, and the re- 
fraction, at a mean rate, elevates her apparent 
place, near the horizon, half as much as her 
_ parallax depreſſes it. Aſtronomers have, there- 
fore, thought of the following method, which 
is free from theſe objections ; and if practiſed by 
able obſervers, with good inſtruments, is ſuffici- 
ent for determining the parallax and diſtance of 
the moon to a conſiderable degree of preciſion. 


I ſhall 
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I ſhall mention the moſt ſimple caſe firſt, and 
this will render the general method more clear 
and ſatisfactory. Suppoſe two obſervers were 
placed under the ſame meridian at A and B 
(Pl. X. fig. 2.) at ſuch a diſtance from each 
other, that the one at A fees the moon M in his 
horizon, whilſt the other at B ſees her in his 
zenith ; then will the diſtance of the moon O M, 
and the horizontal parallax O MA, be eaſily 
determined. For the arc AB, which meaſures 
the angle O, is equal to the difference of latitude 
of the two obſervers; the fide O A is equal to 
3960 miles, the ſame as before; and the angle 
OAM is a right angle. In the triangle MA ©, 
therefore, there is given one ſide and two angles, 
and conſequently the fide O M, or the diſtance 
of the moon from the center of the earth, may 
be found by trigonometry, as m the former ex- 
ample. And if the angle O be taken from 
ninety degrees, it will give the angle M, which 
is the moon's horizontal parallax. 

This is the ſimpleſt ſolution the problem ad- 
mits of ; but as it may not be eaſy to perceive 
how the two obſervers can be placed in the 
manner required, I ſhall now give you a more 
general method, by which the diſtance of the 
moon from the earth may be determined, when 
the obſervers are ſituated at any two diſtant 
places under the ſame meridian. Suppoſe, for 
example, that the two obſervers were at the 
| points 
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points A and B (Pl. X. fig. 3.) whoſe diſtance A 
B, or their difference of latitude, has been pre- 
viouſly found, by the rules already laid down 
for that purpoſe; then if the zenith diſtances 


of the moon, Z. M and - M, be each taken, with 


a good inſtrument, at the moment when the 
paſſes the meridian Z 2, the diſtance of the moon 
MO from the center of the earth may be deter- 
mined as follows. 

In the triangle ABO, OA and O B are each 
equal to the radius of the earth, or 3960 miles 


and the angle AOB is meaſured by the arc AB, 


which is the difference of latitude between the 


two obſervers at the time of obſervation. Theſe 


three things therefore being known, the ſide 
A B, and the angles OA B and OBA, can be 
found by calculation. And if the angles MA 
and MB 2, which are meaſured by the zenith 
diſtances MZ. and z M, be each taken from a 
hundred and eighty degrees, the remainders will 
be the angles OAM and OBM; for it is a 
known property in geometry, that a line ſtand- 
ing upon another line, makes with it two angles, 


which, taken together, are equal to two 0 
angles. 


From the angels OA M and OB M, ths de- 
termincd, take the angles OA B and OBA, 
which have been found by calculation, and 
there will remain the angles MAB and MBA: 
ſo that in the triangle AB M, we {hall have theſe 

two 
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two angles, and the fide A B, and conſequently 
the fide MB may alſo be found as before. This 
1s ſufficient for our purpoſe ; we have now, in 
the triangle OM B, the two ſides MB and BO, 
and the included angle O BM, and therefore 
the ſide O M, or the diſtance of the moon from 
the center of the earth, may be determined. 
This might have been done in a ſhorter way, by 
firſt finding the horizontal parallax ; but as that 
method depends upon a theorem in trigonome- 
try, the demonſtration of which does not ad- 
mit of a familiar explanation, I choſe rather a 
more prolix manner, for the ſake of greater 


perſpicuity. 


LET- 
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LETTER XVII. 
THE SAME SUBJECT be nem 


NE diſtance of the ſun from the earth might 
1 ve determined in nearly the ſame manner 
as that of the moon, if his horizontal parallax 
was not ſo ſmall as to be ſcarcely perceptible ; 
for it is well known, that the angle O S A, un- 
der which the ſemidiameter of the earth would 
appear to a ſpectator in the ſun, can never ex- 
ceed nine ſeconds, or the 400th part of a de- 
gree. And as a miſtake of one ſecond, in ſo 
ſmall an angle, will occaſion an error of about 
ſeven millions of miles in the diſtance, it is eaſy 
to perceive what. an extraordinary degree of 
{kill it muſt require, to ſurmount the difficulties 
attending this delicate ſubject. 
But the mind grows ſtronger by frequent ex- 


Plate . 
fig. 4. 


ertions, and genius and induſtry conquer diffi- 


culties apparently inſurmountable. The vaſt 
bulk of the earth has been accurately meaſured ; 
the ſtars of heaven have been all numbered ; and 
the immenſe diſtance of the ſun is now ſubjected 
to a rigorous calculation. By means of the 
tranſit of Venus over the ſun's difk, which hap- 
pened in the years 1761 and 1769, this problem 
was reſolved with a degree of preciſion, un- 
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looked for by the Aſtronomers of ancient times. 
The perſon to whom we are indebted for this 
excellent method, is Dr. Edmund Halley; 
man, whoſe ſkill and penetration in all e 
matical and philoſophical enquiries, entitles him 
to an eminent place in the claſſes of literature 
and ſcience. A few extracts from the Diſſerta- 
tion which he preſented to the Royal Society 
upon this ſubject, will ſhew you the ſpirit of his 
method, and enable you to enter into the illuſ- 
tration of it with the greater facility. 

“ There are many things, ſays the Doctor, 
that appear extremely paradoxical, and even 
quite incredible to the illiterate, which yet, by 
means of mathematical principles, are caſily 
ſolved. Scarcely any thing will be thought 
more hard and difficult than that of determin- 
ing the diſtance of the ſun from the earth; but 
this, when we are made acquainted with ſome 
exact obſervations, taken at places fixed upon, 
and choſen beforehand for that purpoſe, may, 
without much labour, be eaſily effected. And 
this is what I am now deſirous to lay before 
this illuſtrious Society, that I may explain to 
young Aſtronomers, who may perhaps live to 
obſerve theſe things, the method by which the 
immenſe diftance of the ſun from the earth may 
be truly determined, to within a gooth part of 
what it really 1s.” 


« The 


LET, XVII!. OF THE SUN, MOON, AND PLANETS. 291 


« The diſtance of the ſun from the earth is, 
by different Aſtronomers, ſuppoſed different, ac- 
cording to what was judged moſt probable, from 
the-beſt conjectures they could form. Ptolemy, 
Copernicus, and Tycho Brahe, imagined it to be 
about 1200 ſemi-diameters of the earth. Kepler 
thought it to be nearly 3500; which diſtance 1s 
doubled by Riccioli; whilſt Hevelius only in- 
creaſes it by one half. But Venus and Mercury 
having, by the aſſiſtance of the teleſcope, been 
ſeen to paſs over the ſun's diſc, deprived of their 
borrowed brightneſs, it is at length found, that 
the apparent diameters of the planets are much 
lefs than they were formerly ſuppoſed ; and that 
the ſemi-diameter of Venus, as ſeen from the 
Tun, ſubtends no more than the fourth part 
of a minute, or fifteen ſeconds, whilſt the ſemi- 
diameter of Mercury is ſeen, at a mean, under 
an angle of only ten ſeconds.” | 

* Tt has been alſo found, that tlie ſemi-dia- 
meter of Saturn, ſeen from the ſun, appears un- 
der the ſame angle as that of Mercury; and that 
the ſemi-diameter of Jupiter, the largeſt of all 


the planets, ſubtends an angle of no more than 


the third part of a minute. Whence ſome mo- 
dern Aſtronomers, imagining that the ſemi-dia- 
meter of the earth, as ſeen from the ſun, would 
ſubtend a mean angle, between the larger one 
of Jupiter, and the ſmaller one of Saturn and 
Mercury, have concluded, that the ſun's paral- 

2 lax 
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lax is about fifteen ſeconds, or equal to that of 
Venus, and that his diſtance from the earth is 
about 14000 of the earth's ſemi-diameters.” 

« But this is an inference, the truth of which 
may be fairly queſtioned ; for as the moon's dia- 
meter is a little more than one-fourth of the 
diameter of the earth, if the ſun's parallax 
ſhould be ſuppoſed fifteen ſeconds, it would 
follow that the body of the moon is larger than 
that of Mercury ; that is, that a ſecondary pla- 
net would be greater than a primary; which 
ſhould ſeem to be inconſiſtent with the unifor- 
mity of the mundane ſyſtem. And, on the 
contrary, the ſame regularity and uniformity 
ſeems ſcarcely to admit, that Venus, an inferior 
planet, that has no ſatellite, ſhould be greater 
than the earth, which ſtands higher in the on” 
and has ſuch a ſplendid attendant.” _ 

<« Let us, therefore, obſerve a mean, and ſup- 
poſe that the ſemi-diameter of the earth, as ſeen 
from the ſun, or, which is the ſame thing, the 
ſun's horizontal parallax, 1s twelve ſeconds and 
a half; then, according to this ſuppoſition, 
the moon will he leſs than Mercury, and the 
earth larger than Venus; and the ſun's diſtance 
from the earth will be found to be about 16500 
of the earth's ſemi-diameters, This diſtance I ' 
aſſent to, at prefent, as the true one, till it ſhall 
become certain what it is, by the experiment I 
am about to propoſe.” 
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«© Nor am I induced to alter my opinion by 
the authority of thoſe, however weighty it may 
be, who are for placing the ſun at an immenſe - 
diſtance beyond the bounds here aſſigned, as 
obſervations made upon the vibrations of a 


pendulum, in order to determine thoſe exceed- 


ing ſmall angles, are not ſufficiently accurate to 
be depended upon; for by this method of in- 
veſtigating the parallax, it will ſometimes come 


out to be nothing, or even negative; that is, 


the diſtance will either be infinite, or greater 
than infinite, which 1s abſurd. And indeed, to 
confeſs the truth, it is hardly poſſible for a per- 
fon to diſtinguiſh ſeconds with certainty. vy any 
inſtruments, however ſkilfully they may be 
made; and therefore, it is not at all to be won- 
dered at, that the exceſſive nicety of this matter 
ſhould have eluded the many ingenious endea- 
vours of ſuch able operators.” 5 
4 About forty years ago, when I was in the 
iſland of St. Helena, taking a catalogue of the 
ſtars near the ſouth pole, I had an opportunity of 
obſerving the paſſage of Mercury over the ſun's 
diſc, which ſucceeded better than I could have ex- 
pected; for, by means of a teleſcope twenty-four 
feet long, I determined the very moment when 
Mercury, entering upon the ſun, ſeemed to 


touch his inward limb; and alſo, when in going 


off, it ſtruck the limb of the ſun's diſc, forming 
U3 the 
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the angle of interior contact; by Which means 
I found the interval of time, during which 
Mercury appeared upon the ſun, even without 
an error of a ſingle ſecond of time.“ 

ce For the lucid line, intereepted between the : 
dark limb of the planet, and the bright limb of 
the ſun, although exceedingly fine, may be eaſily 
ſeen by the eye; and the little dent made in the 


ſun's limb, by Mercury's entering, or leaving 
the diſc, appears, in the ſirſt caſe, to vaniſh, 


and, in the latter, to begin almoſt inſtantane- 
ouſly. When J perceived this, it came imme- 
diately into my mind, that the ſun's parallax 
might be accurately determined by ſuch kind of 
obſervations as theſe, provided Mercury were 
nearer the earth, and had a greater parallax 
from the ſun. But the difference of theſe pa- 
rallaxes is always leſs than the ſolar parallax 
which we ſeek ; and therefore Mercury, though 
he may frequently be ſeen in the ſun, is not to 


be looked upon as fit for our purpoſe, 


There remains then, the tranſit of Venus 
over the ſun's diſc, whoſe parallax, being almoſt 
four times as great as the ſolar parallax, will 
cauſe very ſenſible differences between the times 
in which Venus will ſeem to be paſling over the 
ſun from different parts of the earth. And 
from cheſe differences, if they be properly ob- 
ſerved, the ſun's parallax may be determined, 
even to a ſmall part of a ſecond. Nor are any | 


- | other 
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other inſtruments required for this purpoſe, than 
common teleſcopes, and clocks, which are good 
of their kind; and in the obſervers, nothing 
more is requiſite than fidelity, diligence, and a 
moderate {kill in Aſtronomy.“ 
For there is no need that the latitude of 
the place ſhould be ſcrupulouſly obſerved, nor 
that the hours themſelves ſhould he accuratelß 
determined with reſpect to the meridian : it 1s 
ſufficient that the clocks be regulated according 
to the motion of the heavens, provided the 
times be accurately reckoned from the total in- 
greſs of Venus into the ſun's diſc, to the be- 
ginning of her egreſs from it; that is, when 
the dark globe of Venus {firſt begins to touch 
the bright limb of the ſun within ; which mo- 
ments I know, by my own experience, may be 
obſerved to within a ſecond of time.” 

gut on account of the very ſtrict laws by 
which the motions of the planets are regulated, 
Venus is ſeldom to be ſeen within the ſun's diſc; - 
and during the courſe of 120 years it could 
never be once obſeryed ; namely, from the year 
1639 (when this moſt pleaſing light happened to 
that excellent youth Horrox, our countryman, 
and to him only ſince the creation) to the year 
1761; in which year, according to the theories 
that have been hitherto found agreeable to the 
_ celeſtial motions, Venus will again paſs over 
the fuy, on the 26th of May, in the morning: 


P ͤ 40 
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ſo that at London, about fix o'clock in the morn: 
ing, we may expect to ſee her near the middle 
of the ſun's diſc, and not above four minutes 
of a degree ſouth of his center.” " 

” The whole duration of this tranſit will be 
almoſt eight hours; namely, from two o'clock in 
the morning to a little before ten ; and therefore 
the ingreſs will not be viſible in England; but as 
the ſun will, at that time, be in the 16th degree 
of Gemini, having near twenty-three degrees 
of north declination, it will be ſeen without 
ſetting in almoſt every part of the north frigid 
zone: and, therefore, the inhabitants of the coaſt 
of Norway, beyond the city of Drontheim, as 
far as the Narth Cape, will be able to obſerve 
Venus entering the ſun's diſc; and perhaps the 
ingreſs of Venus upon the ſun, when riſing, will 
be ſeen by the Scotch in the northern parts of 
the kingdom, and by the inhabitants of the Shet- 
land Illes, formerly called Thule.” 

4 But at the time when Venus will be neareſt 
the ſun? 8 center, the ſun will be vertical to the 
northern ſhores of the Bay of Bengal, or rather 
over the kingdom of Pegu, near the mouth of 
the Gatiges; and, therefore, as the ſun, when 
Venus enters his diſc, will, in the adjacent coun- 
tries, be almoſt four hours towards the eaſt, and 
as many towards the weſt when ſhe leaves it, 
the apparent motion of Venus over the ſolar diſc 


will be accklerated by almoſt double the hori- 
zontal 
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zontal parallax of Venus from the ſun ; becauſe 


Venus, at that time, is carried with a retrograde 
motion from eaſt to weſt, whilſt a ſpeQator, 
placed upon the earth's ſurface, is turned the 
contrary way, from weſt to eaſt,” 

“ Suppoſing, therefore, the ſun's ä to 
be twelve ſeconds and a half, as I have before 
conjectured, the parallax of Venus will be forty- 
three ſeconds; from which, if the former be 
ſubtracted, there will remain thirty ſeconds and 
a half, for the horizontal parallax of Venus 
from the ſun: and, therefore, at thoſe places 


which lie near the tropic, the motion of Venus 


will be increaſed by that parallax forty-five ſe- 
conds at leaſt, whilſt ſhe paſſes aver the ſun's 
diſc; and ſtill more fo at all places which are 


ſituated near the neighbourhood of the 
equator.“ 


&© Now Venus, at that time, will move on the 
ſun's diſc, very nearly at the rate of four mi- 


nutes of a degree in an hour, and therefore 


eleven minutes of time, at leaſt, are to be allowed 
for the forty-five ſeconds of a degree above- 
mentioned; which, therefore, is the ſpace of 
time the duration of the eclipſe, cauſed by Venus, 


will, on account of the parallax, be ſhortened. 
And from this diminution of the time only, we 


might ſafely enough draw a concluſion concern- 
ing the parallax which we are in ſearch of, pro- 


VO” the — diameter of the ſun, and the 


latitude 
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latitude of Venus, were accurately known; but 
n a matter of ſuch e we cannot — 
an exact computation.“ | 10m 

« We muſt therefore e to ins if 
poſſible, another obſervation, to be taken in 
| thoſe places where Venus will be in the middle 
of the ſun's diſc at midnight; that is, in places 


under the oppolite meridian to the former; or 


about ſix hours, or ninety degrees weſt of Lon- 
don; and where Venus enters upon the ſun's 


diſc a little before ſun-ſet, and goes off a little 
after its riſing. And this will happen under the 


above-mentioned meridian, and where the ele- 
vation of the north pole is about ſifty - ſix de- 
grees; that is, in a part of Hudſon's Bay, near 
a place called Port Nelſon. For in this, and the 
adjacent countries, the parallax of Venus will 
increaſe the duration of the tranſit, by at leaſt 
fix minutes of time; becauſe, whilſt the ſun, 
from his ſetting to his riſing, ſeems to paſs un- 
der the pole, thoſe places on the earth's ſurface 


will be carried from eaſt to welt, or with a mo- 
tion conſpiring with that of Venus; and there- 


fore Venus will ſcem to move more {lowly on the 
ſun, and to be longer in paſſing over his diſc.” 

elf therefore it happens that this tranſit 
ſhould be properly obſerved, by ſkilful perſons, 
at both theſe places, it is clear, that the duration 


of it will be ſeventeen minutes longer as ſeen 
from Port ets than as ſcen from the Eaſt- 
pool tt | Indies, 
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Indies, Nor is it of much conſequence whether 
the obſervation be made at Fort George, com- 
monly called Madras, or at Bencoolen, on the 
weſtern ſhore'of the iſland of Sumatra, near the 
equator. But if the French ſhould be difpoſed 
to take any pains in this affair, an obſerver may 
ſtation himſelf conveniently enough at Pondi- 
cherry, on the weſtern ſhore of the Bay of 


Bengal, where the altitude of the pole is about 
twelve degrees. 


As to the Dutch, their cis mart at 


Batavia will afford them a place of obſervation 


fit enough for this purpoſe, provided they alſo 
have a diſpoſition to aſſiſt in advancing the 
knowledge of the heavens in this particular, 
And, indeed, I could wiſh that many obſerva- 
tions of the ſame phænomenon might be taken, 
by different perſons, at ſeyeral places; both that 
we might arrive at a greater degree of certainty 
by their agreement, and alfo left any ſingle ob- 
ferver ſhould be deprived, by the intervention 
of the clouds, of a ſight, which I know not 
whether any man living will ever fee again; 


and on which depends the certain and adequate 


ſolution of a problem the moſt noble in the 


ſciences.““ 


„ recommend it, therefore, again and again, 
to thoſe curious Aſtronomers, who may have an 


opportunity of obſerving theſe things when I am 
dead, that they would retnenader theſe admoni- 
tions, 
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tions, and diligently apply themſelves with all 
their might to the making of the neceſſary obſer- 
vations; in which I earneſtly with them all ima- 
ginable ſucceſs: in the firſt place, that they may 
not, by the unſeaſonable obſcurity of a elouded 
ſky, be deprived of this moſt deſirable ſight; and 
then, that having aſcertained with more exactneſa 
the magnitude of the planetary arbits, it may 
redound to their immortal fame and glory.“ 
“And thus have I ſhewn, ſays the Doctor, 
that, by this method, the ſun's diſtance may be 
determined to within its five hundredth part, 
which will doubtleſs appear very extraordinary 
to ſome. But if an accurate obſervation be made 
at each of the places above-mentioned, I have 
already demonſtrated that the durations of the 
eclipſe made by Venus, will differ from each 
other by ſeventeen minutes of time; that is, 
upon a ſuppoſition that the ſun's parallax is 
twelve ſeconds and an half. But if the differ- 
ence ſhould be found, by obfervaticn, to be 
greater or leſs, the ſun's parallax will be greater 
or leſs in nearly the ſame proportion. And ſince 
ſeventeen minutes of time are anſwerable ta 
twelve ſeconds and an half of ſolar parallax, for 
every ſecond of parallax there will ariſe a dif- 
ference of more than eighty ſeconds of time; 
ſo that if we have this difference true to two 
ſeconds, it will be certain what the ſun's parallax 
is, to within a tortieth part of a ſecond; and 
thereforg 
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therefore his diſtance will be determined to with- 
in its five hundredth part at leaſt, if the paral- 
lax be not found leſs than we have ſuppoſed; ; 
for forty times twelve and an half is ive 


hundred.” 03 


The Doctor having W 5 his ſabjea thus 
far, in this popular and eaſy way, proceeds to 
illuſtrate it by a figure; but as he has intro- 
duced ſeveral things into his calculation which 
could not be underſtood by a perſon unacquaint- 
ed with mathematical principles, I ſhall endea- 
vour, by means. of a ſimple unimbarraſſed 
ſcheme, to give you ſuch an idea of the matter, 


as Will at once convince you of the practicabi- 


lity and certainty of this method. The two laſt 
tranſits were in the years 1761 and 1769, and as 
there will not be another before the year 1874, 
when moſt of the human race, now living, will 
in all probability be dead, it will be unneceſſary 
to trouble you with a long account of the me- 
thods made uſe of for obſerving theſe eclipſes 


with accuracy and preciſion, or to enter into any 


other particulars, than what are 2 for 


our preſent purpoſe. 
The diameter of the earth is no more than a 


point in compariſon to the diſtance of the ſun; 


and therefore if the ſun were viewed at the 
ſame inſtant, by two obſervers, on oppoſite ſides 
of the earth, his center would appear to both of 
them to be exactly in the ſame point of the 

heavens. 
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heavens. But when Venus is between the earth 
and the ſun, as ſhe was at the time of her late 
tranſits, her diſtance from the earth is between 
three and four times leſs than that of the ſun. 
And, conſequently, if Venus be then viewed by 
two obſervers on the carth, who are at a great 

diſtance from each other, ſhe will appear to each 
of them to be on different parts of the ſun's ſur- 
face at the ſame inſtant. 

Thus let S be the ſun, (Pl. XI. fig. t ) v 
Venus, and AB DE the earth; and let one ob- 
ſerver be at A, another at B, and a third at D, 
all looking at Venus at the ſame moment of ab- 
ſolute time. Then, to the obſerver at A, Venus 
will appear upon the ſun at F; to the obſerver 
at B, ſhe will appear upon the ſun at G; and to 
the obſerver at D, ſhe will appear upon the ſun 
at H. Or if Venus be ſuppoſed to be at reſt at 
V, whilſt the obſerver is carried by the earth's 
motion on its axis, from A to D, through the 
arc A BD, it is plain that the planet V will then 
appear to have moved on the ſun from F to H, 
through the ſpace FG H. | 

Let us now ſuppoſe the earth a bde (bg. 2.) 
to be nearer the ſun 8, than as repreſented in 
fig. 1; in which caſe Venus (v) will be propor- 
tionally nearer to the earth; and the arc à b d, 
through which the obſerver is carried, will bear 
a greater proportion to the diſtance of Venus (v) 
from the earth, in fig. 2. than the ſame arc ABD 

| bears 


"% 
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bears to the diſtance of Venus (V) from the 
earth, in fig. 1. So that if one obſerver ſhould 
be placed at @, another at 6, and a third at d, 
the obſerver at a would ſee Venus on the ſun at 
; the obſerver at 6 would ſee her on the ſun at 
; and the obſerver at 4 would ſee her on the 
ſun at h; all at the ſame inſtant of time. 

Or if Venus continued at reſt at v, whilſt the 
obſerver at a was carried from à to d, by the 
earth's motion, Venus, in that time, would ap- 
pear to him to have moved from F to b, on the 
ſun. But the line Fg , in fig. 2, is longer 
than the line FG H in fig. 1; and therefore 
che nearer the earth is to the ſun, the greater 
will the ſpace be through which Venus appears to 
move upon the ſolar diſc, by the obſerver's real 
motion along with the earth, in any given time: 
and the further the earth is from the ſun, the 
leſs will the ſpace be through which Venus ap- 
pears to move upon the ſolar diſc, by the ob- 
ſerver's real motion, in the ſame time. 

And, conſequently, as Venus is really moving 
in her orbit in the direction TV W, (fig. 1.) or 
t vw, (fig. 2.) whilit the obſerver is carried by 
the earth's motion on its axis from A to D, 
or from à to d, it is plain, that ſhe will ap- 
pear to move ſooner over the ſun, if the earth's 
diſtance be only b vs, (fig. 2.) than if it be 
B VS, (ig. 1.) So that the whole duration 
of her tranſit over the ſun muſt be ſhorter, if 
| © as 
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the earth's diſtance be only bus, than if it be 
1B VS. | | | 
This being properly underſtood, let us how 

ſuppoſe the carth to be tranſparent, like glaſs; 

and that a perſon was placed at the center C. 

(fig. 3.) and kept looking at the ſun S, during 

the time in which Venus moves in her orbit 
from F to , through the ſpace FG Vg. In 

this caſe the earth's motion on its axis could 
have no effect on his polition, becauſe it could 
not carry him away from the point C; and 
therefore when Venus is at F, in her orbit, ſhe 
would appear to be juſt within the ſun's ſurface, 
touching his eaſtern edge at K, at her firſt in- 
ternal contact with him; and as ſhe moves on 
from F to F, in her orbit, ſhe would appear to 

paſs over the fun, from K to L, in the line K . 

L, which is called the line of her tranfit over 

the ſun. And when ſhe is at /, in her orbit, 

ſhe would appear to be juſt beginning to leave 
the ſun's weſtern edge at L, at her laſt internal 
contact with him. So that if Venus could be 
feen from the eatth's center C, ſhe would move 
from F to /, in her orbit, in the time ſhe would 
appear to move from K to L on the ſun, or 
from her firſt internal contact to her laſt, 

This being the appearance of the tranfit at the 
earth's center, let us now ſuppoſe, that an ob- 
ſerver is placed on the earth's ſurface at a, and 
that he is carried from a to b, by the motion of 

N the 
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the earth on its axis, in the ſame time that 


Venus moves from F,to fin her orbit. Then, 


when Venus is at F, ſhe will appear on the ſun 
at K, as ſeen from the earth's center, whilſt to 
the obſerver at a, ſhe will not yet be come 


to the ſun, but if ſhe were then viſible, would 


be ſeen in the line a F H towards the eaſt, 
and muſt move on from F to G in her orbit, be- 
fore the obſerver would ſce her on the ſun at K, 
in the right line a GK. So that her tranſit will 
begin as much later to the obſerver at à, than it 
does to the obſerver at C, as ſhe is in moving 
from F to G, in her orbit. 

When Venus comes to g in her orbit, the ob- 
ſerver will be carried from à to 6, by the earth's 
motion, and then he will ſee her in the line 5 g 
IL, juſt beginning to leave the ſun at L; but 
ſhe muſt move on from g to F in her 8 be- 
fore ſhe begins to leave the {un at L, as ſeen from 
the earth's center C, in the right line C VL; 
and then, to the obſerver at &, ſhe will appear 
quite clear of the ſun to the weſt, in the line 
B /I. So that the whole duration of the tranſit, 
from K to L on the ſun, will be ſhorter as ſeen 
by the obſerver in motion, from à to &, than as 
ſeen by the ſuppoſed obſerver at reſt at the 


earth's center C. For to. the former ſhe will 
move only from G to g in her orbit, during the 


time ſhe appears to move from K to L on the 


ſun: but to the latter, ſhe muſt move from - 
X. „„ 
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F to F in her orbit, in the time ſhe appears to 
paſs over the ſun from K to L. 

And the nearer the carth is to the ſun, the 
greater will the difference of the durations of 
the tranſit be, as ſeen from the earth's ſurtace, 
and from its center : and the further the earth 
is from the ſun, the leſs will the difference be- 
tween the durations of the tranſit be, as ſeen 
from the earth's ſurface, and from its center. 
For it is plain, from the firſt and ſecond figures, 
that the nearer the earth is to the ſun, the 
nearer alſo, in proportion, will it be to Venus; 
and the further it is from the ſun, the further 
alſo it muſt be from Venus. So that the ſpace 
through which the obſerver is carried, by the 
earth's motion, will bear a greater proportion to 
the diſtance of Venus from the earth, in the 
former caſe than in the latter, and muſt there- 
fore affet the times of the durations of the 
tranſit, as ſeen from the earth's center, and from 
its ſurface, accordingly. | | 

Now, as the apparent breadth of the ſan is 
known, and the time of Venns's going round 
the ſun is alſo known, the time of her appearing 
to move through a ſpace equal to the ſun's 
breadth is cafily calculated, and is the ſame as 
would be obſarved by a perſon placed at reſt at 
the earth's center. And as it appears, from 
what has been laid, that the difference of the 
durations of the tranſit, as ſeen from the earth's 

* | | furfacc, 
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ſurface, and from its center, is greater or leſs, 
according as the ſun'is nearer to or further from 
the earth, it will be eaſy to find what this dif- 
ference muſt be at all kinds of diſtances of the 
fun from the earth. The obſerver, therefore, 
by knowing how much ſhorter the duration of 
the tranſit appears to him upon the earth's ſur- 
face, than it would have done if he had been at 
reſt at the center, may readily find the diſtance 
of the ſun from the carth, which was the thing 
to be determined. | 

The tranſits which happened in the years 1761 
and 1769, were obſerved with the greateſt accu- 
racy and diligence by ſome of the moſt eminent 
Aſtronomers in Europe, who were ſent out to 
the moſt convenient parts of the earth for that 
purpoſe; and from their determinations it ap- 
pears, that the horizontal parallax of the ſun is, 
at a mean, about eight and a half ſeconds, and 
his diſtance from the earth, in round numbers, 
about ninety-five millions of miles. A diſtance 
ſo prodigious, that a cannon-ball, which is known 
to move at the rate of about eight miles in a 
minute, would be ſomething more than twenty- 
two years in going from the earth to the ſun; 
and if a ſpectator could be placed in the ſun, 
and was to look at the ſemi-diameter of the 
earth, this line, which is about four thouſand 
miles long, would only appear to him under an 
angle of about eight and a half ſeconds. Con- 
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ſider this, and you will find it a ſubject worthy 


of your admiration and wonder. 


The diſtance of the ſun from the 2 being 
thus found, the diſtances of all the reſt of the 


planets may be eaſily determined, by the ſtated 


laws of nature. For it was diſcovered by Kep- 


ler, from obſervation, that the ſquares of the 


periodic times, in which the planets perform 


their annual revolutions, are in proportion to 


each other as the cubes of their mean diſtances - 


from the ſun ; ſo that the diſtance of any one 
of them being known, the diſtance of any other 
may be eaſily determined. Suppoſe, for exam- 


ple, that I wanted to know the diſtance of Sa- 


turn from the ſun; this may be performed by 
the rule of proportion, as follows: As the ſquare 


of the time in which the earth performs. her 


revolution round the ſun, is to the ſquare of the 


time in which. Saturn periorms his revolution 


round the ſun, ſo is the cube of the earth's 
mean diſtance from the ſan, to the cube of the- 
mean diſtance of Saturn; and if the.cube root 


of this laſt number be taken, it will give the 


diſtance of Saturn fr om the ſun, as was required. 
And in a m anner, equally caſy, may the real 
diameters and bulks of the planets be deter- 
mined, from their apparent diameters and dif— 


tances being known. The ſun and moon, for 


inſtance, appear nearly of the ſame magnitude; 


and therefore, if the ſun's diſtance from the 


earth 


LET. XVIII. OF THE SUN, MOON, AND PLANETS. 309 


earth be reckoned at ninety-five millions of 
miles, his ſolid bulk, in order that he may ap- 
pear as large as the moon,. whoſe diſtance does 
not exceed 240,000 miles, muſt be ſixty- four 
millions of times as great as that of the moon's. 


Again, the earth's diameter, as ſcen from the 


ſun, at the time of his mean diſtance, ſubtends 


an angle of double the ſun's horizontal parallax, 


which is now ſuppoſed to be eight and a half 
ſeconds; and the ſun's diameter, as ſeen from 
the earth, at that time, is found to be about 
thirty-two minutes; and, therefore, the ſun's 
diameter is to the earth's as 1920 to 18. And, 
ſince the bulks of ſpherical bodies are to each 
other as the cubes of their diameters, the ſun's 
bulk will be to that of the earth's as 7077888000 
to 5832, or ſomething more than a million of 
times larger. And, in the ſame manner, may 


the diameters and bulks of the reſt of the ww f 


nets be Nee determine 
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rr 


Or Tue MoTion, REFRACTION, AND ABERRATION 
or Liokr. | 


TAVING meaſured the globe of the 
J earth, and determined the diſtances of 
the ſun, moon, and planets, let us now conſider 
the phænomena of light; a ſubject of no leſs 
importance than the former, and equally de- 
ſerving your attention. It is in this branch 
of philoſophy that the genius of Newton ſhines 
with uncommon luſtre; and were I allowed to 
follow him through all his optical experiments 
and enquiries, I could preſent you with. ſome 
of the moſt aſtoniſhing inſtances of human ſaga- 
city that the hiſtory of man affords. But as the 
nature of my plan admits not of ſuch extenſive 


digreſſions, I ſhall confine myſelf to thoſe diſco- 


veries which are connected with aſtronomical 
obſervations, and leave the reſt for your future 

conſideration. | 
Various are the opinions that have been en- 
tertained concerning the nature of light. The 
Greeks conſidered it as an accident, or property, 
reſulting from the firſt principles of things; and 
Des Cartes defines it to be a globulous matter, 
| . diffuſed 
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diffuſed through the univerſe; which being im- 
pelled by the ſun, ſtrikes upon our eyes, in the 
ſame manner as a ſtaff that is puſhed at one end 
preſſes in the ſame inſtant at the other. Moſes 
makes light to have been the firſt of ereated 
things; and Milton, in one of the nobleſt invo- 


cations that poetry can boaſt, thus expreſſes the 


ſame ſentiment, 


„ Hail holy light, offspring of heav'n firſt-born, 
Or of th* eternal co-eternal beam, 
May I expreſs thee unblam'd ? ſince God is light, 
And never but in unapproached light 
Dwelt from eternity, dwelt then in thee, 
Bright efluence of bright eſſence increate, 
Or hear'ſt thou rather pure ethereal ſtream, 
Whoſe fountain who ſhall tell? before the ſun, 
- Before the heay*ns thou wert, and at the voice 
Of God, as with a mantle, didſt inveſt 
The riſing world of waters dark and deep, 
Won from the void and formleſs infinite.“ 


} 


The ſacred author places the formation of 


light four days before that of the ſun; and in 

this he appears to have been followed by all 
the philoſophers of antiquity. It was, in thoſe 
times, the general opinion, that the ſun was not 
the ſource of light, but that he ſerved to impel 
and ſpread it through ſpace. 


1 Of all celeſtial bodies firſt the ſun 
A mighty ſphere he fram'd, unlightſome firſt, 
Though of ethereal mould: then form'd the moon 
X 4 | Globoſe, 
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: Globoſe, and every magnitude of ſtars, 
And ſow'd with ftars the heav'n thick as a field. 
Firſt in his eaſt the glorious lamp was ſeen, 
Regent of day, and all th* horizon round 
Inveſted with bright rays, jocund to run 
His longitude through heav'n's high road; the gray 
Dawn, and the Pleiades before him danc'd, 
Shedding ſweet influence.“ 
. Mirlrov. 
This is the language of poetry, ſublime and 
energetic, but not ſtrictly conformable to truth; 
for it is now certain that light is a material ſub- 
ſtance, which flows directly from the ſun; and 
we are allo able to aſcertain the velocity with 
which it moves. M. Roemer, a Daniſh philo- 
ſopher, was the firſt who ſhowed, that it employs 
about cight minutes 1n its paſſage from the ſun 
to the earth; and as this fingular doctrine will 
naturally excite your attention, I ſhall give you 
his explication of it, in as eaſy and familiar a 
way as poſſible. The idea was firſt ſuggeſted to 
him by obſerving the eclipſes of Jupiter's moons, 
and the concluſion was deduced as follows. 
Let A and B be the earth in two different 
points of its orbit, whoſe diſtance from each 
other is equal to the earth's diſtance from the 
fun S; it is then plain, that if the motion of 
light were inſtantancous, the ſatellite x would 
appear, to a ſpectator at A, to enter into Jupiter's 
ſhadow 8 8, at the ſame moment of time, as to 
ano her ſpectator at B. But from a great num- 
ber of obſervations it was found, that when the 
| earth 
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earth was at B, the emerſion of the ſatellite into 


the ſhadow happened ſooner, by about eight 
minutes, than when the earth was at A, and 
therefore the motion of light muſt be progreſ- 


five, or ſuch as would carry it through a ſpace 
equal to the radius of the earth's annual orbit 
in about eight minutes of time. So that if the 
ſun were annihilated, we ſhould ſee him for 
eight minutes afterwards; and if he were again 
created, it would be eight minutes before we 
could obſerve him. 


The ſame thing may alſo be ſhewn thus: The | 


inſtant when any of theſe eclipſes will happen 
can be eaſily determined by calculation, becauſe 
the times, in which they perform their revolu- 
tions, are known; and as it is conſtantly found, 
by obſervation, that any one of the ſatellites 
is eclipſed about ſixteen minutes ſooner when 
the earth is neareſt to Jupiter, than when it is 
fartheſt from him, it is evident, that this muſt 
be occaſioned by the time that light takes in 


moving through the diameter of the earth's or- 


bit; for that theſe accclerations are not owing 
to any inequalities in the motions of the ſatel- 
lites themſelves, is plain, becauſe they are al- 
ways affected alike, in whatever parts of their 
orbits they are eclipſed. 

This explication furniſhes us with the ſolu— 
tion of-one of the moſt curious problems that 
ever was attempted ; which is that of determin- 


ing 
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ing the velocity of light. The minutelt parti- 


cles which are thrown off from the body of the 


ſun, move through a ſpace of ninety-five mil- 
lions of miles in eight minutes; which is about 


a million of times ſwifter than the motion of a 


cannon- ball, when it is firſt projected from the 


mouth of the piece; a rapidity too great for the 
imagination to follow, or the mind to compre- 


hend. And yet, prodigious as ſuch a motion 


appears; there may be ſtars, whoſe light has not 
reached us ſince the creation of the world, This 


is the univerſe of the poet ; 


© Without bound, 


Without 6 where length, breadth, and height, 
And time and place are loſt,”? 


| The quantity of light and heat which the 
planets receive from the ſun, decreaſes in pro- 
portion as the ſquares of their diſtances increaſe; 
and when a ray of light paſſes out of one me- 
dium into another, it is refracted or turned out 


of its firſt courſe, according as it falls more or 


leſs obliquely on the refracting ſurface which 
divides the two mediums. The firſt of theſe 
propoſitions will appear evident, from the con- 


ſideration of a cone of rays, flowing from any 


luminous point, the circular ſections of which 


will be always proportional to the ſquares of 
their diſtances from the vertex ; and the latter 


may be exemplified as | follows: put a ſhilling: 
| into 
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into an empty baſon, and retire to ſuch a diſ- 


tance, that the edge of the baſon ſhall juſt hide 


it from your fight; then, keeping yourſelf 


ſteady, let another perſon fill the veſſel gently 


with water ; and as the water riſes towards the 
top, the object will become more and more 


viſible, till at length the whole of it will be 


diſtinctly ſeen, appearing as if it had been raiſed 
above the bottom of the baſon. 
This proves that the rays of light are refracted, 


or bent downwards, in their paſſage out of the 


water into the air; and as they now come to 
the eye in a more oblique direction, the object 
muſt neceſſarily appear to be elevated, and in a 
different ſituation from that in which it was 
really placed. The ſame thing may alſo be 
ſhown thus: place the baſon in ſuch a manner 
that the ſun may ſhine obliquely on it, and ob- 
ſerve. where the ſhadow. of the rim falls upon 
the bottom ; then fill it with water, and the 
ſhadow will not extend ſo far as it did when the 
veſſel was empty; which ſhows that the rays 
have changed their direction, by paſſing out of 


one medium into another of a different denſity. 


The leſs obliquely the rays fall, the leſs they 


will be refracted; and if they fall perpendicu- 
larly, they will not be refracted at all. For, in 
the laſt experiment, the higher the ſun riſes, the 


leſs will be the difference between the places 


where the edge of che ſhadow falls, f in the empty 


and 
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and full baſon: and if a ſtick be laid acroſs the 
baſon, and the ſun's rays be reflected perpendi- 


cularly into it from a looking-glaſs, the ſhadow 
of the ſtick will fall upon the ſame part of the 
bottom, whether the baſon be full or empty. 


The ' ſame effects will alſo take place when the 


experiment is performed with any other fluid: 
but the denſer the medium, the more will light 
be refracted in paſſing through it. 

From theſe obſervations it will readily appear, 
that objects can ſeldom be ſeen in their true 
places. We are deceived by every thing around 
us: the ſight is no leſs ſubject to error than the 
reſt of our ſenſes: they all contribute to our 
pleaſure, and promote our happineſs by various 


means. In conſequence of this property of re- 


fraction, we enjoy the light of the fun whilſt 
he is yet below the horizon; this being the 
cauſe that produces the crepuſculum, or the 


morning and evening twilight. The ſun's rays, 


in falling upon the higher part of the atmo- 


ſphere, are reflected back to our eyes, and form 


a taint light, which gradually augments till ir 
becomes day. Ir is in thoſe brilliant colours 
that paint the clouds, before the riſing of the 
ſun, that the poets have placed Aurora, or the 
goddeſs of the morn : ſhe opens the gates of 


day with her roſy fingers; and the daughter 


of the air and the ſun has her throne in the 
atmoſphere. 
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Had no ſuch.atmoſphere exiſted, the rays of 
light would have come to us in ſtraight lines, 
and the appearance and diſappearance of the ſun 
would have been inſtantaneous; we ſhould have 
had a ſudden tranſition from the brighteſt ſun- 
ſhine to the moſt profound darkneſs, and from 
thick darkneſs to a blaze of light. Refraction, 
therefore, is extremely uſeful, not only as it pre- 
pares us gradually for the light of the ſun, but 
alſo as it occaſions twilight, and by that means 
prolongs the duration of the day. Nature has 


| _ eſtabliſhed theſe gradations, to heighten our 
ö pleaſures by variety; the ſcene is perpetually 
1 changing, but the order of things is immutable 


and eternal. 


Look nature through, 'tis revolution all, 

All change, no death: day follows night; and night 
The dying day; ſtars rife, and let, and riſe; 

Earth takes th* example: ſee the Summer gay, 
With her green chaplet, and ambroſial flow'rs, 
Droops into pallid Autumn; Winter gray, 


Pb 


ey 


: Horrid with froſt, and turbulent with ſtorm, 

Blows Autumn and his golden fruits away, 

YT Then melts into the Spring ; ſoft Spring, with breath 
Favonian, from warm chambers of the ſouth, 

| Recal!s the firſt: all, to reflouriſh, fades; 

N As in a wheel, all ſinks, to re- aſcend.“ 

1 | Younc. 


The refractive power of the atmoſphere ap- 

pears to have been known to Aſtronomers be- 

fore the time of Ptolemy ; but the firſt who de- 
termined 


3 
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termined its effect, and employed it in correcting 
aſtronomical obſervations, was Tycho Brahe. 
He found, that the horizontal refraction was 


fame as it is eſtimated at preſent ; and by means 
of an inſtrument, contrived for that purpoſe, 
attempted to aſcertain the quantity of it at dif- 
ferent altitudes. But though Tycho had diſ- 
covered the effet, he was not ſo happy in ex- 
plaining the cauſe of this phxnomenon. He 
attributed it to the groſs vapours. that float in 


the ſun to be different from that of the ſtars ; 
the former he ſuppoſed to extend no further 
than to forty-five degrees of altitude, and the 
latter only to twenty. But Dominique Caffini 
ſhewed the fallacy of this doctrine, by calcu- 
lating the refractions for every degree of alti- 


horizon to the zenith. 


diſcoveries; but in order that the ſubject may 
appear in its true light, I ſhall elucidate it by a 

pi. vn. figure. For this purpoſe, let T repreſent the 
8. 5. earth, ſurrounded with its atmoſphere A E D; 
8 the ſun, or a ſtar; and O the place of the ſpec- 


i! | | tator upon the earth's ſurface, Then it is evi- 


dient, that a ray of light S A, falling upon the 
groſs body of the air at A, will be refracted, or 
bent towards the line QP, which is perpendi- 
| e cular 


about thirty-three minutes, which is nearly the 


the atmoſphere, and imagined the refraction of 


tude, and proving, that they diminiſh from the 


This determination is agreeable to modern 
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cular to the ſurface of the atmoſphere at that 
point; and becauſe it is known from experience, 


that the air is denfer in the lower regions of 


the atmoſphere, than in the higher, the fame 
ray will be refracted, not only at A, but at 
many other points in the medium, before it 


reaches the ſpectator at O. But as it is only 


the laſt part of the ray C O that affects the light, | 


the eye will naturally refer the object to 5s, in 
the ſtraight line O C 5, and will therefore ſee it 
in a ſituation much higher above the horizon 
than it really is. 

And the higher the fun riſes, the leſs will his 
rays be refracted, becauſe they fall leſs obliquely 


on the ſurface of the atmoſphere. Thus, when 


the ſun is in the zenith, his rays will fall perpen- 
dicularly upon the atmoſphere at B, and con- 
tinue their courſe in the right line SBO. But 
when the ſun is below the horizon R H, his rays, 
falling upon the atmoſphere at F, will be bent 
downwards towards the obſerver at O; and he 
will now ſee the ſun in the direction of the re- 
fracted ray O @ 5, which lies above the horizon, 
and being extended to the heavens, ſhows the 


ſun in the point . When the ray S F is a tan- 


gent to the ſurface of the atmoſphere at F, it is 
then the beginning, or end of twilight, accord- 
ing as the ſun is riſing or ſetting: and as this 
is known to take place when the ſun is about 

| eighteen degrees below the horizon, it has been 
found 
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found from thence, by a trigonometrical pro- 
ceſs, that the height of the atmoſphere 1s about 


forty-five miles. But this muſt only be under- 


ſtood of that part of the medium which is ſuffi- 


ciently denſe to refra& the ſun's rays: for it 


is eaſy to prove, from mathematical conſidera- 


tions, that the atmoſphere can have no aſſign- 
It muſt alſo be obſerved, that the ſtate of the 
atmoſphere is exceedingly variable, and that the 
quantity of refraction 1s not always the ſame at 
the ſame altitude; for as heat diminiſhes the 


denſity of the air, and cold increaſes it, the re- 


fraction mult alter accordingly ; and, therefore; 
no rule can be given by which we can preciſely 
aſcertain, either the height of that part of the 
atmoſphere which refracts the ſun's rays, or the 
true place of any of the celeſtial bodies which 
are obſerved through this medium. But it 1s 
not from refraction only that we are unable to 


find the true places of thoſe objects; they are 
alſo ſubject to other irregularities, which ariſe 
from their parallax, and the motion of light. 


The former of theſe I have already explained, 
and I ſhall now give you ſome account of the 
latter. It is a diſcovery of the celebrated Dr. 


James Bradley; and as the ſubject is exceedingly 
curious and important, I ſhall preſent you with 


the hiſtory of it in nearly his own words. 


Dr. 
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Dr. Bradley, in conjunction with the Honour- 
able Samuel Molineux, Eſq; in the year 1725, 
formed a project of verifying, by a ſeries of new 
obſervations, thoſe which Dr. Hook had com- 

municated to the public about fifty years before. 
And as his attempt was what principally gave 
riſe to this, ſo his method in making the obſer- 
vations was in ſome meaſure that which they 
followed; for they made choice of the ſame ſtar, 


and their inſtrument was conſtructed upon al- 


moſt the ſame principles. But if it had not 
greatly exceeded the Doctor's in exactneſs, they 


might yet have remained in great uncertainty as - 


to the parallax of the fixt ſtars. Their ſucceſs, 
indeed, was chiefly owing to the ingenious Mr. 


George Graham, F. R. S. to whom the lovers of 


aſtronomy are alſo greatly indebted for ſeveral 
other exact and well-contrived inſtruments. 
Mr. Molineux's apparatus was compleated, 
and fitted for obſerving, about the end of No- 
vember 1725; and on the third day of Decem- 
ber following, the bright ſtar in the head of 
Draco, marked y by Bayer, was for the firſt 
time obſerved, as it paſſed near the zenith, and 
its ſituation carefully taken with the inſtrument. 
The like obſervations were alſo made on the 
fifth, eleventh, and twelfth - days of the ſame 
month ; and there appearing no material differ- 


ence in the place of the ſtar, a farther repetition 


of them, at that ſeaſon, ſeemed needleſs; it 
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being a part of the year in which no ſenſible 


alteration of parallax, i. in this ſtar, could ſoon 
be expected. 


It was chiefly ci. therefore, which. | 


tempted Dr. Bradley, who was then at Kew, 
where the inſtrument was fixed, to prepare for 
obſerving the ſame ſtar on December the 17th; 
when, having adjuſted the inſtrument as uſual, 
he perceived that it now paſled a little more 
ſoutherly, than when it was before obſerved. 
Not ſuſpecting any other cauſe of this appear- 


| ance, they at firſt concluded that it was owing 


to the uncertainty of their obſervations, and 
that either this, or the foregoing, were not ſo 
exact as they had before ſuppoſed; for which 
reaſon they propoſed to repeat the obſervation, 


in order to determine from whence this differ- 


ence proceeded ; and upon doing it, on the 20th 
of December following, it was found that the 


ſtar paſſed ſtill more ſoutherly than in the former 


obſervations. 


This ſenſible altoration the more ſurprized- 


them, as it was in a contrary way from what it 
would have been, had it proceeded from an an- 
nual parallax of the ſtar. But being now well 
ſatisfied that it could not be entirely owing to a 


want of exactneſs in the obſervations, and having 
no conception of any thing elſe that could cauſe 


ſuch an apparent motion as this in the ſtar, they 
began to think < that ſome alteration in the ma- 


terials, | 
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terials, &c. of the inſtrument itſelf might have 
” occaſioned it. Under theſe apprehenſions they 
remained ſome time; but being at length fully 
convinced, by repeated trials, of the great ex- 
actneſs of the inſtrument, and finding, by the 
gradual increaſe of the ſtar's diſtance from the 
pole, that there muſt be ſome regular cauſe 
which produced it, they took care to examine 
nicely, at the time of each obſervation, how 
much it was: and about the beginning of March 
1726, the ſtar was found to be twenty ſeconds 
farther ſoutherly than at the time of the firſt ob- 
ſervation. It now, indeed, ſeemed to have ar- 
rived at its utmoſt limit ſouthward ; becauſe, in 
ſeveral trials made about this time, no ſenfible 
difference was obſerved in its ſituation: but in the 
middle of April following, it appeared to be re- 
turning back again towards the north ; and about 
the beginning of June it paſled at the ſame diſ- 
tance from the zenith, as it had done in De- 
cember, when it was firſt obſerved. 

From the quick alteration of the ſtar's decli- 
nation about this time, which was near a ſecond 
in three days, they concluded, that it would 
now proceed northward, as it before had gone 
ſouthward; and their conjecture was not ill 
founded; for the ſtar continued to move north- 
ward till September following, when it again 
became ſtationary, being then near twenty ſe- 
conds more northerly than it was in March. 
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From September it returned towards the ſouth, 
till it arrived, in December, ot the ſame ſituation 
which it was in a twelvemonth before, allowing 
for the difference of declination on account of 


the proceſſion of the equinox. This was a ſuf- 


ficient proof, that the inſtrument had not been 
the cauſe of the apparent motion of the ſtar, 
and to ſind one adequate to ſuch an effect, 
ſeemed a difficulty. ED” 

A nutation of the earth's axis was one of the 
firſt things that offered itſelf on this occaſion, 
but this was ſoon found to be inſufficient ; for 
though the change of declination in y Draconis, 
might have been accounted for by it, yet it 
would not, at the ſame time, agree with the 
phænomena of the other ſtars, particularly with 
a ſmall one almoſt oppoſite to it in right aſcen- 
ſion, and at about the ſame diſtance from the 
north pole of the equator; for though this ſtar 


ſeemed to move the ſame way as a nutation of 


the earth's axis would have made it, yet as it 
appeared, upon a compariſon of the obſervations 
made upon the ſame days, at different ſeaſons 
of the year, that it changed its declination 
about half as much as y Draconis in the ſame 
time, this plainly proved, that the apparent 
motion of the ſtar was not occaſioned by a real 


 antation ; ſince, if that had been the cauſe, the 


alteration in both ſtars would have been nearly 
equal. | | 
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The great regularity of the obſervations left 
no room to doubt, that this unexpected mo- 
tion was owing to ſome regular cauſe, and 
did not depend on the uncertainty or variety 
of the ſeaſons of the year; and upon com- 
paring the obſervations with each other, it was 
diſcovered, that in both the ſtars before- men- 
tioned, the apparent difference of declination 
from the maxima, was always nearly propor- 
tional to the verſed ſine of the ſun's diſtance 
from the equinoctial points. This induced them 
to think, that the cauſe, whatever it was, had 
ſome relation to the ſun's ſituation with reſpact 


to thoſe points. But as they were nat able to 


frame any hypotheſis at that time, ſufficient to 
ſolve all the phænomena, and were yet very 


deſirous of ſearching a little farther into this 


matter, Dr. Bradley began to think of erecting 
an inſtrument for himſelf at Wanſted; that, hav- 
ing it always at hand, he might, with the more 
caſe and certainty, enquire into the laws of this 
new motion. „„ 

The conſideration likewiſe of being able, by 
another inſtrument, to confirm the truth of the 
obſervations hitherto made with Mr. Moli- 
neux's, was no ſmall inducement to him; but his 
principal motive was the opportunity it would 
afford him, of trying in what manner other ſtars 
were affected by the ſame cauſe, whatever it 
was. For as Mr, Malineux's inſtrument was 

13 originally 
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originally deſigned for obſerving y Draconis, it 
was ſo contrived, as to be capable of little more 
alteration in its direction than about ſeven or 
eight minutes of a degree; and there being few 
ſtars within half that diſtance from the zenith of 
Kew, bright enough to be well obſerved, he 
could not, with his preſent inſtrument, tho- 
roughly examine how this cauſe affected ſtars 


differently ſituated, with reſpect to the equinoc- 


tial and ſolſtitial points of the ecliptic. 

Theſe conſiderations determined him; and by 
the contrivance and direction of Mr. Graham, 
his new inſtrument was fitted up on the 13th of 
Auguſt, 1727. But as he had no conveniept 
place in which he could make uſe of ſo long a 
teleſcope as Mr. Molineux's, he contented him- 
ſelf with one of about twelve feet and an half in 
length; judging, from the experience which he 
had already had, that this radius would be long 
enough to adjuſt the inſtrument to a ſufficient 
degree of exactneſs: and he had no reaſon after- 
wards to change his opinion ; for by all his trials 
he was very well ſatisfied, that when it was 
carefully rectified, its ſituation might be ſecurely 
depended upon to half a ſecond. And as the 
place where his inſtrument was hung, in ſome 
meaſure determined its radius, ſo did it alſo the 
length of the limb, on which the diviſions for 
the adjuſtment were to be made: for the arc 
could not conveniently be extended farther than 


2 | to 


* 3 
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ſtars were in with reſpect to the cardinal points 
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to about ſix degrees and a quarter, on each ſide 


his zenith. This, indeed, was ſufficient, ſince 


it gave him an opportunity of making choice of 


ſeveral ſtars, very different both in magnitude 


and ſituation; there being more than two hun- 
dred inſerted in the Britiſh catalogue that might 
be obſerved with it. It was not neceſſary, in- 
deed, to have extended the limb ſo far, but that 


he was willing to take in Capella, the only ſtar 


of the firſt magnitude which came ſo near his 
zenith. 


His inſtrument being fixed, he immediately 


began to obſerve ſuch ſtars as he judged moſt 


proper to give him ſome inſight into the cauſe 
of the motion already mentioned. And as there 
were not leſs than twelve that he could obſerve 
through all the ſeaſons of the year, it was not 
long before he perceived, that the notion they 
had before entertained of the ſtars being fartheſt 
north and ſouth, when the ſun was about the 
equinoxes, was only true of thoſe which were 
near the ſolſtitial colure. And after he had con- 
tinued his obſervations a few months, he diſco- 


vered what he then apprehended to be a general 
law, obſerved by all the ſtars, namely, that each 


of them became ſtationary, or was fartheſt north 
or ſouth, when it pafſed over his zenith at ſix 
o'clock, either in the morning or evening. He 
perceived likewiſe, that whatever ſituation the 
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of the ecliptic, the apparent motion of all of 
of them tended the ſame way, when they paſſed 


hisi nſtrument about the ſame hour of the day 


or night; for they all moved ſouthward while 
they paſſed in the day, and northward in the 


night ; ſo that each was fartheſt north, when it 
came about ſix o'clock in the evening, and 


fartheſt ſouth, when it came about ſix in the 
morning. | 5 

He diſcovered afterwards, however, that the 
maxima, in moſt of theſe ſtars, did not happen 
exactly when they paſſed at thoſe hours; but, 
not being able, at that time, to aſcertain the 
exact limits, he endeavoured to find out what 


proportion the greateſt alterations in declina- 
tion, of different ſtars, bore to each other; it 


being evident, that they did not all change 


their declination equally. It has been before 


remarked. from Mr. Molineux's obſervations 
5 ; 3 


that y Draconis altered its declination about 


twice as much as the before- mentioned ſmall 


ſtar almoſt oppoſite to it: but examining the 
matter more particularly, he found, that the 


greateſt alteration in the dechnation of thoſe 
ſtars, was as the ſine of the latitude of each re- 


ſpectively. This made him ſuſpect, that there 


might be the like proportion between the maxi- 


ma of other ſtars; but finding that the obſerva- 


tions of ſome of them would not perfectly cor- 
reſpond with ſuch an hypotheſis, and not know- 


ing 
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ing whether the difference he met with might 
not be owing to ſome ſmall errors which had 
eſcaped his notice, he deferred any farther ex- 
amination till he ſhould be furniſhed. with a 
ſeries of obſervations made in all parts of the 
year, which might enable him not only to de- 
termine what errors they were liable to, but alſo 
to judge whether there had been any ſenſible 
change in the parts of the inſtrument itſelf. | 
When the year was compleated, he began to 
examine and compare his obſervations; and 
having pretty well ſatisfied himſelf as to the ge- 
neral laws of the phenomena, he then endea- 
voured to find out the cauſe of them, He was 
already convinced, that the apparent motion of 
the ſtars was not owing to a nutation of the 
earth's axis. The next thing that offered itſelf 
was an alteration in the direction of the plumb- 
line, with which the inſtrument was conſtantly 
rectified; but this, upon trial, proved inſuffici- 
ent. He then conſidered what refraction might 
do; but here alſo nothing ſatisfactory occurred. 
At laſt, by a ſingular ſagacity, he conjectured, 
that all the phænomena, hitherto mentioned, 
proceeded from the progreſſive motion of light, 
and the earth's annual motion in its orbit. For 
he perceived, that if light was propagated in 
time, the apparent place of a fixed object would 
not be the ſame when the eye is at reſt, as when 


at 
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it is moving in any other direction, than that 
of the line paſſing through the eye and the ob- 
ject; and that, when the eye is moving in dif- 
ferent directions, the apparent place of the ob- 
ject would be different. | | 
The means by which we arrive at the know- 


ledge of things, are not leſs wonderful than the 


things themſelves. A lucky accident often 
brings truths to light, that abſtruſe ſpeculation 


would have never diſcovered. - The curioſity of 


ſome children at play, produced the teleſcope; 


the abſurd attempts that have been made to 


diſcover the philoſopher's ſtone, have given 
birth to. ſome of the nobleſt diſcoveries in che- 
miſtry; and from obſervations that were de- 
ſigned to determine the parallax of the ſtars, 
was obtained x knowledge of their aberration ; 
a circumſtance utterly unknown to the aſtrono- 
mers of tormer ages. Before the time of Roemer, 
it was the general opinion that the motion of 
light was inſtantancous ; or that it was propa- 
gated through immenſe ſpaces in an inſtant ; 
but we are now aſſured, both from obſervations 
that have bcen made on the cclipſes of Jupiter's 
moons, and from the apparent change of place 
diſcovered by Dr. Bradley in the fixed ſtars, 


that the motion of light, like that of all other 


bodies, is progreſſive. 
That the aberration of the ſtars is occaſioned. 
by the motion of light may be ſhown as follows: 
| Let 


— 
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Let AB repreſent a part of the earth's annual 

orbit, and CB a ray of light, falling from a ſtar 
perpendicularly upon the line BA: Then if the 


eye be at reſt at B, the object will appear in the 


direction BC, whether light be propagated in 
time, or in an inſtant; but it the eye be moving 


Pl. VIII. 
fig · 6. 


from A towards B, and light be propagated with 


a velocity that is to the velocity of the eye, as 
CB to AB, that particle of it, by which the 


object will be diſcerned when the eye comes to 


B, will be at C when the eye is at A. The ſtar, 
therefore, will appear in the direction A C; and 
as the earth moves through the equal parts of 


its orbit A a, a b, c, &c. the light, coming from 


the ſtar, will move through the equal diviſions 
Cz, ik, & I, &c. and the ſtar will appear ſucceſ- 
ſively in the directions Ae, bf, cg, &c. which 
are parallel to the former A C; ſo that when 
the eye comes to B, the object will be ſcen in 
the direction B D. 2” 5 

If the line A C be a tube of ſuch a diameter 
as to admit but one particle of light at a time, 
it is eaſy to perceive, that the particle of light at 


C, by which the object muſt be ſeen, when the 


eye, as it moves along, arrives at B, would paſs 
through the tube AC, it it were inclined to 
A B, in the angle ABC, and accompanied the 
eye in its motion from A to B; and that it could 
not come to the eye through ſuch a tube, jf it 
had by any other inclination, to the line B D. 


And 
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And the ſame thing will follow, if, inſtead of 
ſuppoling AC to be ſuch a ſmall tube, we ima- 
gine it to be the axis of a larger one; for, from 
what has been ſaid, it is evident, that a particle 


of light at C cannot paſs along that axis, un- 


leſs it be inclined to B A, in the angle BAC. 
Although, therefore, the true or real place of 
an object be perpendicular to the line in which 
the eye is moving, yet the viſible place muſt be 
always in the direction of the tube through 
which the object is ſeen ; and the difference be- 
tween the true and apparent place will be greater 
or leſs, according to the proportion between the 
velocity of light and that of the eye. If the 
carth revolves round the ſun annually, and the 


velocity of light, be to the velocity of the 


earth's motion in its orbit, as one thouſand to 
one, it may be proved, by a trigonometrical 
proceſs, that the apparent place of the object, 
from which the light proceeds, will conſtantly 
difter from the true place by about three mi- 
nutes and an half; ſo that a ſtar, placed in the 


pole of the ecliptic, would ſeem to deſcribe a 


circle round that pole, the diameter of which 
W ould be ſeven minutes. | 
From a number of obſervations, made by Dr 
Bradley upon the ſame ſtars for three years, he 
found, that their apparent places differed from 
their true places by about twenty ſeconds ; and 
by this means it is n that the velocity of 
light 


— 
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light is about 10,310 times greater than the ve- 


locity of the earth in her orbit. But the velo- 
city of the earth is about 58, ooo miles an hour, 
and therefore light will paſs from the ſun to the 


earth, or through 95, ooo, ooo miles, in eight 


minutes and ſeven ſeconds; and as this is nearly 


the ſame as the time diſcovered by Roemer, and 


was deduced from a different phænomenon, 


which was owing to the ſame cauſe, they mutu- 


ally confirm each other; and the progreſſive 


motion of light is now proved in a manner that 


admits of no objection. 

But this is not the only advantage ariſing 
from Bradley's diſcovery; the aberration of the 
ſtars is a direct proof of the motion of the earth 
in its orbit, and a new confirmation of the truth 
of the Copernican ſyſtem. This ſyſtem, indeed, 
is the baſis of moſt of the great diſcoveries of 
Newton; and to thoſe who can tollow that ſub- 
lime philoſopher through all his calculations and 
enquiries, the Copernican hypotheſis will want 
no other ſupport than what he has given it: but 
this evidence is confined principally to men of 
ſcience, who have entered into the depth of ma- 


thematical inveſtigations, and are qualihed to 


judge of their validity. There are minds that 
require proofs more immediate and ſenſible, who 
judge of -probability, not from calculations bur 
from facts; and with theſe the obſervations of 
Bradley ought to have ſome weight. He has 

| diſcovered, 
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diſcovered, that the motion of light, combined 
with the motion of the earth, produces an ap- 
parent difference in the places of the fixed ſtars ; 
and as this motion is found to affect all the ſtars 
differently, according to their ſituations, ſuch a 
ſimilarity of variations is ſufficient to juſtify the 
truth of the cauſe upon which they were ſup- 
poſed to depend, and to ſhew that the ſyſtem of 
the world, as reſtored by Copernicus, is con- 
formable to nature and the order of things, 
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LETTER (C 


OF THE CONSTELLATIONS, AND THE PHANOMENA 
OF THE FIXED STARS. 


1 heavens are divided by aſtronomers 
into three regions, called the northern and 
ſouthern hemiſpheres, and the zodiac; and in 
order that the ſixed ſtars may be treated of 
according to their true poſitions and ſituations, 
they have been claſſed under the outlines of 
certain imaginary figures of birds, beaſts, and 
other animals, which are called Conſtellations. 
The numher of theſe, in the northern hemi- 
ſphere, is 36; in the ſouthern 32; and in the 
zodiac 12: and as there are ſome ſtars that ad- 
mit of no regular arrangement, they are called 
unformed ſtars; and others, from their cloudy 
appearance, are comprized under the name of 
Nebulz. - | | 
This diviſion of the ſtarry firmament into 
Conſtellations, is of the higheſt antiquity. Bootes 
and the Bear are ſpoken of both by Homer and 
Heſiod; Arcturus, Orion, and the Pleiades, are 
mentioned in the book of Job; and there is 
ſcarcely any ancient author in which the names 
of ſome of the moſt remarkable ones are not to 
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be found. But to trace the origin of this in- 


vention, and to ſhew why one animal had the 


honour of being advanced to heaven in pre- 
ference to another, is no eaſy taſk. M. Freret, 


the Abbe la Pluche, and ſeveral other writers of 


conſiderable eminence, have ranſacked all the 
legends of fabulous hiſtory tor the illuſtration of 
this ſubject ; but, except in a few obvious in- 
ſtances, no conſiſtent and ſatisfactory account 


has yet been given. 
Moſt of the memorable events and cuſtoms of 


ancient times were involved in obſcure hiero- 
glyphical repreſentations ; and many of the con- 
flellations are probably ſymbols of this kind. 


The diviſion of the zodiac into twelve ſigns, of 


thirty degrees cach, has a manifeſt relation to 


the twelve months of the year; and the ani- 
mals, by which thoſe ſigns are denoted, were 


perhaps deſigned as emblems of the different 
productions of nature, in thoſe ſeaſons over 
which they preſide ; or as indicating certain cir- 
cumſtances relating to the motion of the ſun in 
the heavens. Many of the conſtellations alſo 
appear to have been formed in honour of certain 
heroes and celebrated perſonages, whoſe memory 


they were meant to perpetuate; and any vague. 


reſemblance of a crown, 2 croſs, or a triangle, 
would occaſion the parts of the heavens wher 


they were found to be called by thoie names. 


This manner of clailing the ſtars is indeed ſo 
natural, 
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natural, that it is found among the Chineſe, the 
Americans, and many other nations that feem 
to have had no intercourſe with the reſt of the 
world. | 
The heavens being thus divided, it was more 
eaſy to reduce the ſtars into order, and to find 
their number, than it would have been without 
ſuch a contrivance. And though this be con- 
ſidered, by the uninſtructed part of mankind, as 
an impoſlible thing, it has been often attempted 


both by the ancients and moderns. Hipparchus 


the Rhodian, who lived about 120 years before 
Chriſt, was the firſt among the Greeks that en- 
gaged in this ſingular enterprize ; © daring (ac- 
cording to Pliny) to undertake a thing which 
ſeemed to ſurpaſs the power of a divinity; that 
is, to number the ſtars, and to aſcertain their 


true places in the heavens.” It was imagined 


in thoſe days, as it is at preſent, that, in a fine 


winter's night, when the ſky is perfectly clear, 
the ſtars which may be ſeen in the firmament are 


beyond the reach of all calculation; and that 


To count their numbers, were to count the ſands 
That ride in whirlwinds the parch'd Lybian air; 
Or waves that, whea the bluſtering north embroils 
'T he Baltic, thunder on the German ſhore. 
| ARMSTRONO»s 


This, however, is a miſtaken notion : the 


number of ſtars, as I have obſerved in a former 
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letter, that can be ſeen by the naked eye in the 
whole viſible hemiſphere, is not above a thou- 
land. IIipparchus, from his own obſervations, 


and thoſe of the ancicnts that preceded him, in- 


ſerted in his catalogue only 1022, annexing to 
each of them the latitude and longitude which 
they had at that time. Ptolemy added four to 
this number; and many others were afterwards 


diſcovered by different aſtronomers, who ap- 


plied themſelves to this ſubje&t. But of all the 
catalogues of the ſtars which have hitherto been 
made, that which is given by Flamſteed, in his 


: | 5 | 5 l 
Hiſtoria Cœleſtis, is the moſt complete. The 
number of ſtars inſerted in this catalogue is about 


3000; which number has been ſince augmented 
to ncar 5000, by Dr. Halley, Monſ. de la Caille, 


Monf. le Monnier, and others; and from the 


accuracy of cheir obſervations, there is ſcarcely 
a {tar to be {een in the heavens, whoſe place and 
lituation is not better known than that of moſt 


cities and towns upon the carth, 
And in order that the memory may not be 


burthencd with a multiplicity of names, attro- 


nomers mark the ſtar; of every conſtellation 


with a letter of the Greek alphabet ; denoting 


thoſe that are the moſt conſpicuous by a, the 


next by 8, and fo on in ſucceſſion; by which 
means they can be ipoken of with as much 
eale as if cach had a feparate name. This was 
the invention ot John Bayer, a native of Augſ— 
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burg, in Germany, who firſt introduced it about 
the year 1603, in his charts of the conſtellations. 


But the beſt work of this kind which has yet 
been executed for repreſenting the conſtellations, 


and the ſtars of which they are compoſed, is the 


Atlas Caleſtis of Flamſteed, or the two plani- 


ſpheres of Senex, which, together with the ſtars 
diſcovered by M. de la Caille in the ſouthern 
hemiſphere, contain an entire map of the hea- 


vens; ſo that by means of theſe charts, or a 


good celeſtial globe, we can ealily know any 


particular ſtar which is diſcernible to the eye, 


and tell the conſtellation to which it belongs. 
The names of the conſtellations, and the 


manner of denoting ſome of the principal ſtars 
of the firſt and ſecond magnitude, may be ſeen 


in the following table; in which it may be ob- 


| ſerved, that the ſtars marked g, y, &c. are not 


the moſt conſpicuous, in the conſtellations to 
which they belong, but were choſen on account 


of their places being better ſettled, or from 


their being otherwiſe remarkable. 


ConsTELLATIONS in the ZoDIAC. 


— 


: | = = | = 
Confſtel. | Stars. & | Conftellat. 2 Stars. | & 
Aries VII Arietis 2 Libra ga Libre 2 
Taurus 8 ]\ldebaran 1 Scorpio m Antares t-; 
Gemini I |Caitor and Pollux|t. 1 [Sagittarius T le Sagittarii] 2 
Cancer V Capricornus | VP. |. 5 
Leo Regulus 1 Aquarius & . . 
Virgo np I5pica Virginis 1 [Piſces 4 |. +» 
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NorTHERN CONSTELLATIONS. 


e 
* 


= = 
Conſtellations. Stars. 05 Conſtellat. Stars. 08 
Urſa Major ſa Urſæ Majoris 2 |Camelopardus |.” . . . . 
Urſa Minor {= Urs. Min. P.S.|z. 3 Þerpens « Serpentis 2 
Draco Draconis 2 [Ophiuchus ſa Ophiuchi 2 
Cepheus 2 * . * . Scutum « . . 1 
Canes Venaticl. «© - « » «» Aquila Atair 1 
Bootes ArQturus | 1 |Antinous EEO 
Mons Menalus . . + 0 Delphinus 1 
ma Berenices „ 55 Equulus . © ES 
Cor Carol: Ins Os Sagitta W 
orona Borealisla Coronz Borealis} 2 [Andromeda 5 Andromede | 2 
Hercules 4 Herculis 2.3 [Perſeus 8 Perſei, Algolj 2 
Cerberus 3 Pegaſus y Peg. Algenib} 2 
Lyra a Lyra 1 Auriga Capella I 
Cygnus a Cygni 2 [Lynx 3 
Vulpecula Leo Minor {T Leonis Min. z. 3 
Anſer Triangulum . 8 
Lacerta | . . . . "Y * . 0 
Caſſiopeia jp Caſſiopeiæ 2 I[Muſca 5 
SOUTHERN CONSTELLATIONS. 
< = 
Conſtellations. Stars. 05 Conſtellat. Stars. & 
Cetus a Ceti 2 [PPavo a Pavonis 2 
Eridanus Achernar x Corona Auſt . 
Phenix a Pheœnicis 2, 3 [Grus a Gruis by 
Toucan 1 Piſcis Auſt. Fomalhaut 1 
Orion Rigel 1 [Lepus _ VVV 
Monoceros W Columba « Columbe 2 
Canis Minor [Procyon r {Robur Caro, Þ + +» -» 
Apus ESD ASM Crux a Crucis I 
Hydra * Hydræ 2 Argo Navis [Canopus I 
Sextans . Canis Major Sirius 1 
Crater . . . . . Apis <> . . . . 
Corvus . Hirundo FEM IS >. 
Centaurus 4 Centauri 1 Indus e EN. 8 
Lupus ME FP Chamelion 8 
Ara . . . . . . Piſc's Volans . .* . » . 
Triangulum [= Trianguli 2. 3 [Xiphias oY ES I 
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But of all the phænomena of nature, the ſud- 
den appearance of new ſtars, and the diſappear- 
ance of old ones, is one of the moſt ſingular, 
and difficult to be accounted for. A circum- 
ſtance of this kind firſt led Hipparchus to com- 
poſe his catalogue of the ſtars, in order that poſ- 
terity might be apprized of the true ſtate of the 
heavens at that period; and ſince his time many 
changes of the ſame nature have been obſerved, 
both by ancient and modern aſtronomers. Some 
of the larger ſtars have not the ſame preciſe 
ſituations which are attributed to them by the 
ancients, and others are found to have a perio- 
dical increaſe and decreaſe of magnitude. The 
bright ſtars, Sirius and Arcturus, have been ob- 
ſerved to change their places, by moving to- 
wards the ſouth, about two or three minutes of 
a degred in a century ; and the ſtars, Aldebaran 
and Aquila, have alſo a like motion, but ſome- 

thing ſlower, and leſs eaſy to be determined. 
Among the new ſtars which have been diſco- 
vered by the moderns, that which appcared on 
the 8th of November, in the year 1572, was the 
moſt remarkable. Its ſplendor exceeded that of 
Jupiter when neareſt the carth, and was ſuch 
that it could be ſeen in the day-time. Cornelius 
Gemma firſt obſerved it in that part of the hea- 
vens which is called Caſſiopeia's Chair, forming 
a perfect rhombus with the three ſtars a, P, 
and , of that conſtellation; and Tycho Brahe, 
Z 3 who 
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who ſaw it on the 11th of the ſame month, 
found its longitude to be 6 degrees 54 minutes 
of Taurus, and its latitude 53 degrees 45 mi- 
nutes north. About the beginning of Decem- 
ber it began to diminiſh, becoming gradually leſs 
and leſs till the month of March 1574, when it 
totally diſappeared, and has never been ſeen 
ſince. It was found to have no parallax, nor 
any apparent motion, and was ſparkling and 
clear like the reſt of the fixed ſtars. 

On the 10th of October 1604, the ſcholars of 
Kepler diſcovered another new ſtar in the right 
leg of Serpentarius, which was nearly as brilliant 
as the former. Its right aſcenſion, as obſerved 
by Kepler, was conſtantly 256 degrees 57 mi- 
nutes, and its dechnation 21 degrees 1: minutes 
ſouth. This ſtar, alſo, had no parallax, nor any 
apparent motion; and after ſuffering à gradual 
diminution of its light, it totally diſappeared 
about the beginning of January 1606. Neither 
of theſe ſtars had either a tail or hair, to coun— 
tenance any idea of their being comets; and as 
they had no parallax, it is evident that they 
muſt have been at a greater diſtance from the 
earth than any of the planets. 

The firſt ſtar that was obſerved to have a pe- 
riodical change of brightneſs is that marked o by 
Bayer, in the neck of the Whale. It was diſco- 
vered by David Fabricius on the 13th of Auguſt, 
1596. At the time of its greateſt brightneſs, it 
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appears equal to a ſtar of the third magnitude 
and is ſcarcely ever ſo {mall but that it may be 
ſeen with. a {ix feet teleſcope. Hevelius aſſures 
us, that it once entirely diſappeared for four 
years; and M. Caſlini, who obſerved it at the 
time of its greateſt ſplendor, about the beginning 
of Auguſt 1703, found it to be of the third 
magnitude, as had before been ſuppoſed by 
Fabricius. In this time it had made about 117 
revolutions, Which at a mean, fixcs its period at 
334 days; but it has ſince been found that its 
changes are very irregular. 


Three changeable ſtars have alſo been ob- 


ſerved in the neck ot che Swan. The firſt is 
that near the ſtar y in that conſtellation.. Its 
greateſt luſtre is leſs than one of the third mag- 
nitude, and it gradually diminiſhes till it is equal 
to one of the iixth, Its changes are alſo far 


from being regular, and do not take place till 


after an interval of ten or more years. The 


next is that marked ; which is more regular 


in its returns than the former, though its mag- 


nitude is teldom greater than the ſixth, and its 
period is ſettled at about 405 days. The third 


was ſcen near the head of the Swan, on the 2oth 
of June 1570, and appeared of the third magnt- 
tude, but was fo far diminiſhed in October fol- 
lowing, as to be ſcarcely viſible. In the begin- 
ning of April 1761, it was again feen, rather 
brighter than before; and after ſeveral other 


＋2 4 changes, 
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changes, by which its period was judged to be 
about ten years, it diſappeared on the zoth of 
March 1762, and has not been ſeen ſince. 

The ſtar Algol, or Meduſa's head, has been 
long ſince obſerved to appear of different mag- 
nitudes at different times; but' the diſcovery of 
its period is due to John Goodricke, Eſq; of 
York, who firit began to obſerve it about the 
beginning of the year 1783. It changes conti- 
nually from the firſt to the fourth magnitude; 
and the time employed from its greateſt dimi- 
nution to its leaſt, is found, at a mean, to be two 
days, twenty hours, forty-nine minutes, and 
three ſeconds. The change is thus: during four 
hours, it gradually diminiſhes in luſtre; and in 
the ſucceeding four hours it regularly recovers 
its firſt magnitude. In the remaining part of 
the period it invariably preſerves its greateſt 
luſtre; and after the expiration of this term the 
diminution again commences. | 

Many opinions have been entertained con- 
cerning the cauſe of theſe phænomena, but as 
they are frequently incongruous and unfatisfac- 
tory, I thall only give you a few of the moſt 
plauſible. If the light of the ſun and ſtars be 
owing to a combuſtion ſimilar to that which is 
required to produce light in moſt other ſub- 
ſtances, it will follow, that when the inflammable 
matter is decompoſed the ignition will ceaſe. 
Or, if a maſs of matter, adapted for inflamma- 

tion, 
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tion, begin by any caule to burn, its ignition 
and emiſſion of light will commence at the ſame 
time. So that if theſe conſiderations be applied 
to the fixed ſtars, the appearance of ſome, and 
the diſappearance of others, will be rationally 
accounted for; and as there are no data by 
which their periods can be aſcertained, they may 


laſt any given time according to circumſtances. 


The ſpots on the ſun have alſo afforded a con- 
jecture concerning the cauſe of a periodical 
change of brightneſs in ſome of the fixed ſtars. 
For if a ſtar be ſuppoſed to turn upon its axis, 


and to have a ſpot of conſiderable magnitude 


upon ſome part of its ſurface, it will appear 
much brighter when the ſpot is not on the viſt- 
ble diſc, than when it is wholly expoſed to our 
ſight ; and as it is-more or leſs ſeen, an altera- 
tion of light will take place accordingly. But 
againſt this hypotheſis it muſt be obſerved, that 
the phænomena in general do not agree with 
the ſuppoſition ; for the brightneſs or obſcurity 
which prevails in ſome of the changeable ſtars, 
for more than half cheir periods, ſeems to prove 


that the their different appearances cannot be 
owing to a defalcation of light on any part of 


their ſurfaces. 

Another conjecture, which appears ſomething ' 
more probable, is, that if a ſtar, by a ſwift re- 
volution, be made to aſſume and preſerve a 


flattened figure, and its axis have a rotation 


ſimilar 


c 
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ſimilar to that of the earth, it will be much leſs 
bright when its edge is preſented to the ob- 


ſerver, than when the vilible diic 18 projected 


broader. Or, laſtly, if a planet be ſuppoſed to 
revolve round a ſtar, in the fame manner as the 
lanets in our ſyſtem revolve round the ſun, it 
may occaſion certain periodical eclipſes, of ſuch 
magnitudes and durations, as are ſufficient to 
account for all the changes in its appearance. 
Thus, for inſtance, if an opaque planet, whoſe 
diameter is not much leſs than that of Algol, be 
ſuppoſed to revolve about that ſtar, in a plane, 


whole orbit paſles through the earth, it will oc-, 
calion certain ecliptes, which, by ſuppoling its. 
period and diſtance to be properly regulated, 
may be made to agree with all the obſerved ap- 


Pearances, | 
Several other changes in particular ſtars have 
been obſerved by different aſtronomers, but as 
they are leſs conſpicuous I ſhall pais them over 
in ſilence. Many of the fixed ſtars have alſo 
been found to conſiſt of two, or to appear as 
it they were double. 'The number of theſe 
was formerly thought to be very ſmall; but the 
celebrated Mr. Herichel, who ſtands unrivalled 
for the excellence of his inſtruments, and his 
{kill in uſing them, has diſcovered upwards of 
400. 2 | = | 
Belides theſe, there are alſo many nebulæ, or 
parts of the heavens, which appear brighter than 
the 
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the reſt. One of the moiſt obvious to common 
notice is that large irregular zone, or band of 
light, which croſſes the ecliptic in Cancer and 
Capricorn, and is inclined to it in an angle of 
about ſixty degrees. Other nebulæ are ſeldom 
to be diltinguithed by the eye from ſmall ſtars ; 
but if the teleſcope be applied to them, they 
ſeem to be luminous {ſpots of various figures, 
and in ſome inſtances with ſtars in them. The 
number of nebulæ was formerly imagined to 
be about 103; but Mr. Herſchel, previous to 
the month of April 1784, had diſcoyered 466 


more. Many of theſe are relolvable by the tele- 


ſcope into cluſters of {mall ſtars ; and teleſcopes 
of a flill greater power reſolve thoſe nebulæ into 
ſtars, which, in inſtruments of leſs force, appear 
like white clouds; ſo that there is great reaſon 
to conclude that they all conſiſt of cluſters or 
large maſſes of ſtars, at a een, diſtance 
from our ſyſtem. 

Mr. Herſchel is of opinion, that the W 
heaven is replete with theſe nebulz, and that 
each of them is a diſtinct and ſeparate ſyſtem, 
independent of the reſt. The milky-way he 
ſuppoſes to be that particular nebula in which 
our ſun is placed; and in order to account for 
the appearance it exhibits, he ſuppoſes its ſigure 
to be much more extended towards the ap— 
parent zone of illumination than in any other 
direction; which is 2 ſuppoſition that he thinks 

allowable, 
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allowable, from the obſervations he has made on 
the figures of other nebulæ of a like kind. 
Theſe are certainly grand ideas, and whether 
true or not, do honour to the mind that con- 
ceived them. 

This notion, indeed, of forming the ſtars into 
ſyſtems, is not a new one. The ingenious Mr. 
Michell, about twenty years ago, had the ſame 
idea. He obſerved that there were many large 
ſpaces in the heavens where no ſtars are to be 
feen; and others in which a number of very 
conſiderable ones appear near together, in the 
midſt of ſeveral ſmaller ones. The Pleiades, for 
inſtance, are compoſed of ſix remarkable ſtars, 
which are placed in the midſt of a number of 
others, that are all between the third and ſixth 
magnitude ; and as there are only about 1500 
ſtars in the whole heavens, which are viſible to 
the naked eye, he calculated, by the doctrine of 
chances, that among all this number, if they had 
been diſperſed arbitrarily through the celeſtial 
vault, it was five hundred million to one, that 
fix of them ſhould be placed together in ſo ſmall 
a pace. 

It is therefore ſo many Ae to one that 
this diſtribution was the work of deſign, or that 
there is a reaſon or cauſe for ſuch an aſſemblage; 
and in a univerſe where every thing is governed 
by immutable laws, this degree of probability 


Plate XI11.1S exceedingly ſtrong. The ſtars, therefore, 
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which are thus grouped, are moſt probably 


ſyſtems analogous to the ſolar one; and our 


ſun, who appears to be the lord of the univerſe, 


is moſt likely only a ſtar that belongs to ſome of 


thoſe ſyſtems that are interſperſed through the 
regions of the infinite expanſe. This is con- 
formable to the deſigns of Nature in all her 


operations. Our planetary ſyſtem demonſtrates, 


that ſhe unites and connects ſeveral bodies toge- 
ther in order to compoſe a whole; and it is 


highly probable, that all ber works are con- 


ducted upon the ſame plan. 

But a neceſſary conſequence of this idea is, 
that theſe different ſyſtems ſhould be mutually 

balanced among themſelves by ſome general 
cauſe; and this is moſt probably effected by 
means of one ſyſtem, which regulates the others 
by the number of bodies 1t contains ; or perhaps 
by one body, which 1s more powerful than all 
the reſt, and round which they all move. Here 
then is a gradation in the moſt magnificent 
works of nature, like that which we perceive 
among the lower orders of exiſtences. The ſa- 
tellites accompany the planets ; the planets fol- 
low the ſun; and the ſun himſelf is connected 
with a ſyſtem of ſtars, over which preſides 
another ſun of ſuperior magnitude and force; 
and ſo on, through a number of variations and 


degrees, which not even the imagination itſelf 


The 
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The immenſe diſtance of theſe vaſt bodies, is 
alſo another conſideration that overpowers all 
our faculties: M.James Caſſini attempted to ſhew, 
that the annual parallax of Sirius, which is the 
neareſt of all the fixed ſtars, is about ſix ſeconds; 
and from this it would follow, that its diſtance 
from our earth is near eighteen thouſand times 
greater than that of the ſun. But from all the 
obſervations, hitherto made, it appears, that the 
parallax of the ſtars 1s altogether inſenſible, and 
conſequently their diſtance muſt be ſuch that 
no calculation can eſtimate. If the ſtars, there- 
fore, be conſidered as ſuns, having a number of 
planets moving round them, hke thoſe that com- 
poſe the ſolar ſyſtem, it will be no argument 


againſt their exiſtence, to ſay that we do not 


ſee them; for as the ſuns themſelves are at ſuch 
diſtances as to appear like ſo many luminous 
points, the planets, which ſhine only by reflec- 
tion, muſt be totally inviſible. | 

Dr. Halley has a very ingenious obſervation 
upon the magnitudes and diſtances of the fixed 
ſtars: He remarks, that there can be only thir- 
teen points upon the ſurface of a ſphere, whoſe 
diſtances from each other ſhall be all equal to 


the radius; and as the neareſt fixed ſtars are 


ſuppoſed to be as far from each other as they are 
from the ſun, he ſuppoles them to be placed in 
the ſurface of an imaginary concave ſphere, 
which has the ſun for its center; and from thence 
| infers, 
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infers, that there can be only thirteen ſtars of 
the firſt magnitude. The itars of the ſecond 
magnicude he iuppoles to be twice as far diſtant 
from the ſun as thoſe of the firlt, and by placing 
them in like manner in the ſurface of a ſphere, 
at ſuch diſtances from each other as are equal to 
halt the radius, their number will be fifty-two. 
At a triple diſtance the ſurface of the ſphere 
would contain an hundred and teventeen, which, 


@Þcretore, is the number of ſtars of the third 


magnitude; and ſo on. This ſuppoſition is 
nearly agreeable to the uſual method of claſſing 
the ſtars of the firſt and ſecond magnitude; and 


if the diſtribution of them could be made ac- 


cording to their true magnitudes, it would pro- 
bably be found more accurate. 

Halley conceived the whole ſolar ſyſtem, to- 
gether with all the ſyſtems of the ſtars, to be in 
motion round ſome point, which is the center of 
oravity of the whole; and in purſuing this idea, 
the following reflections naturally occurred to 


him: © If, ſavs he, the number of ſtars be finite, 


and occupy only a part of ſpace, it will follow 
that they mu | be ſurrounded by a void. But 
as this void can have no action upon the budics 
which it environs, thoſe bodies mutt exert all 


their torce upon one another, without equili- 


brium, and without compenſation. "Thoſe which 


are at the extremities, or ncar the borders of the 
void, will be ſtrongly and continually attracted 


b y 
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by thoſe near the center; and theſe efforts, con- 
tinued and multiplied through a number of ages, 
muſt at length draw all the ſuns and planets into 
that point, and form one immenſe maſs, which 
muſt for ever remain there, without action and 
without motion. But if, on the contrary, the 
number of ſtars be infinite, and the ſyſtem with- 
out bounds, all the forces will be balanced 
among themſelves; the ſuns and planets will 
preſerve the paths preſcribed them; and th 
order of the univerſe will be perpetually the 
lame.” Theic are the conceptions of a vigorous 
mind ; but they lead us into a labyrinth where 
there is no clue to be found; infinity can be 
comprehended by God alone. | 
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Or THE PhzNoMENA AND AFFECTIONS OF THE 
Sun, Moox, AND PLANETS. 


HE ſun was generally conſidered by the 

ancients as a globe of pure fire; but, from 
a number of dark ſpots, which, by means of a 
teleſcope, may be feen on different parts of his 
ſurface, it appears that this opinion was ill- 
founded. Theſe ſpots conſiſt, in general, of a 
nucleus, or central part, which appears much 
darker than the reſt, and ſeems to be ſurrounded 
by a miſt or ſmoke; and they are ſo change- 
able in their ſituation and figure, as frequently 


to vary during the time of obſervation. Some 
of the largeſt of them, which are found to ex- 


ceed the bulk of the whole earth, are often to 


be ſeen for three months together; and when 


they diſappear, they are gcnerally converted into 


faculæ, or luminous ſpots, which appear much 


| brighter than the reſt of the ſun. About the 


time that they were firſt diſcovered by Galileo, 
forty or fifty of them might be frequently feen 
on the ſun at a time; but at preſent we can 
ſeldom obſerve more than thirty; and there 

Aa | have 
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have been periods of ſeven or cight years, in 
which none could be ſcen.. 

Father Scheiner, who was contemporary with 
Galileo, has given us an anecdote, which will 
ſerve to ſhow how this diſcovery was at firſt re- 
ceived. He imagined himſelf to have been the 
only perſon who had ever ſeen this curious pha- 
nomenon, and having communicated the reſult 
of his obſervations to the provincial of his order, 
received the following anſwer. © This ſub- 
ject is not mentioned by any of the an- 
cient philoſophers: I have read my Arittotle 
ſeveral times over, and have found nothing hke 
what you ſpeak of. Do not expoſe yourſelf by 


propagating theſe abturdities; for be afſlured, 


that it is only ſome defect in your eyes or your 


glaſſes, which makes you imagine that you ſee 


{pots in the ſun.” And to firmly perſuaded was 
this zealous - Peripatetic that every thing was 
contained in the Greek philoſophy, that neither 
the mott rational arguments, nor the evidence 
of his tentes, could convince him to the con- 
trary: he continued inflexible in his opinion, 
and would not ſufler Scheiner to publiſh his dif- 
covery, till he had promitcd him to do it under 
a ſictitious name. | 
The general opinion concerning the ſolar 
{pots is, that they arc occaltoned by the ſmoke 


and opaque matter thrown out by volcanos or. 


burning mountains of immenſe magnitude; and 
| that 
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that when the eruption is nearly ended, and the 


ſmoke diſſipated, the fierce flames are expoſed, 
and appear like faculz or luminous ſpots. M. 
de la Hire imagined the ſun to be in a continual 
ſtate of fuſion, and that the ſpots which we ob- 


. lerve are only the eminences of large maſles of 


opaque matter, which, by the wregular agita- 


tions of the fluid, ſomctimes ſwim upon the 


ſurface, and at other times ſink and diſappear. 
Others have ſuppoſed them to be occaſioned by 
a number of plancts, circulating.round the ſun, 
at a {mall diſtance from his ſurface. But Dr. 
Alexander Wilſon, of Glaſgow, has attempted 
to prove, from obſervation, that moſt, if not all 
the ſpots, are excavations in the luminous mat- 
ter that environs the ſun's body, and which. is 


probably of no great depth. 


The motion of the ſpots is from caft to welt ; 


and as t! hey are o! Wierved to move quicker when 


1 


| they are ncar the central regions, that whe 


they are ncar the limb, it follows that the I 
muſt be a ſpherical body, and that he revolves 


on his axis in a contrary direction, or from weft 


to ealt. The time in which he performs this 
revolution, as obſerved by Cafſlini, is twenty-live 
days, fourteen hours, and eight minutes; and 
from the line of the motion of the ſpots, which 
is ſometimes ſtraight, but oftener crooked or 
elliptical, it is diſcovered that his axis 15 not 


perpendicular to the plane of che ccliptic, but 


| 


A 2: inclined 
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inclined to it ſo as to make an angle with the 
perpendicular of about ſeven degrees and a half. 

The zodiacal light is another fingular phæ- 
nomenon, which accompanies the tun, and 15 
uſually attributed to his atmoſphere. It begins 
to appear a little before ſun-rife, and ſeems, at 
firſt ſight, like a faint whitiſh zone of light, re- 
ſembling the milky-way, with its borders ill ter- 
minated, and {ſcarcely to be diſtinguithed from 
the twilight, Which is ſeen commencing near 
the horizon. It is then but little elevated, and 
its figure nearly agrecs with that of a flat len- 
icular ſpheroid, ſcen in profile. As it riſes 
above the horizon it becomes brighter and larger 
to a certain point, after which the approach of 
day renders it gradually leſs apparent, till it be- 
comes quite inviſible. The direction of its 
longer apparent axis 1s obſcrved to be in the 
plane of the ſun's equator; but its length is 
ſubject to great variations, ſo that the diſtance 
of its ſummit from the ſun varies from 45 to 
120 degrees. | 

But of all the diicoveries which have been 
made by means of the teleſcope, thole relating 
to the moon are the moſt curious and intereſt— 
ing. This planet being much nearer to us than 
any of the reſt, is the tirit that offers ' herſelf to 
our inſpection, and is the beſt adapted for ex- 
amination. By viewing her with the naked eye 
we diſcern a number of ſpots, which the imagi- 
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nation naturally ſuppoſes to be ſeas, continents, 
and the like; and on a more accurate in{pec- 
tion, with a teleſcope, the hypotheſis of plane- 
tary worlds receives additional confirmation. 
Vaſt cavities and aſperities are obſerved upon 
various parts of her ſurface, exactly reſembling 
vallics and mountains; and every other appear- 
ance ſeems to indicate, that ſhe is a body of the 
fame nature with our carth. We can ſcarcely 
hope to make optical inſtruments ſuſliciently 
perfect to render animals viſible at ſuch a dif- 
tance ; but Mr. Herichel, whole teleſcopes are 
far ſuperior to any that were ever before exe- 
cated, is ſaid to have diſcovered a manifeſt vol- 
cano in the moon; and it his improvements are 
purſued, we may, perhaps, receive indubitable 
proofs of her being an inhabited world. 

Galileo, when he hilt ſaw this planet through 
his teleſcope, was ſtruck with the ſingularity of 
her appearance; and being free from the preju— 
dices of the ſchools, ſoon diſcovered a ſtriking 
ſimilitude between her and the earth. This is 
what Milton finely alludes to when he deſcribes 
the ſhield of Satan, in the firſt book of b his 
Paradiſe Loſt. 


3 The broad circumference. 


Hung on his ſhoulders like the moon, whoſe orb 
Through optic glaſs the Tuſcan artiſt views, 

At evening from the top of Feſolé, 

Or in Valdarno, to deſcry new lands, 


Rivers or mountains _ her ſpotty globe.” 
Aa 3 | Several 
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Several aſtronomers have given us exact maps 

of the moon, with the figure of every ſpot, as it 
pl. xlv. appears through the beſt teleſcopes, diſtinguiſh- 

ing each of them by a proper name. Riccioh 

divided the lunar regions among thoſe philoſo- 
phers and aſtronomers, who have diſtinguiſhed. 
48 themſelves by advancing the knowledge of the 
. heavens, giving the names of the moſt celebrated 
19 characters to the lurgeſt ſpots, and thoſe of leſs 
cminence to the ſmaller. But Hevelius, who 
did not approve of this diſtribution, denoted the 
different parts of the moon by ſuch gcographical 
names, as belong to tlie ſeveral lands, coun- 
tries, and ſeas of our carth, without any regard 
to their lituation or ligure. The method of Ric- 


cioli, however, is that which is now generally 
: followed, as the names of Ilipparchus, Tycho, 
. Copernicus, &c. are more pleaſing to aſtrono- 
ö | mers, than tlioik of Africa, the Mediterrancan 
Sea, Sicily, and Mount tna. | 

That the ſpots in the moon, which are taken 
Fa for mountains and vallies, are in reality ſuch, 
| 15. evident from their ihadows. For in all ſitu- 
a&tons ok the moon, che elevated parts are con- 
fanily found to catt a triangular ſhadow, in a 


» 


- . 1 | : 1 8 
direction oppofite to that of the ſun; and, on 


ö U 4 | 1 = _ ——— — * . * % % -\ 2 2 » 0 « \F> } 1 . - . * > 13 * 
5 | the contrary, the cavities are always dark on the 
| ſide next the fun, and illuminated on the oppo- 
| | | 
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ge one; Wich 18 exactly conformable to what 
we obferve of hills and vallies on the earth. 
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And as the tops of theſe mountains are confi- 
derably clevated above the other parts of the 
ſurface, they are frequently illuminated when 
they are at a conſiderable diſtance from the con- 
ftincs of the enlightened hemiſphere, and by this 
means afford us a method of determining their 
eie. 

Thus, let EG D be the moon's enlightened 
hemiſphere, ECD the diameter of the circle 


bounding lighe and darkneis, and A the top of 


a mountain when it firſt begins to be illumi- 
' nated: Then, ſince the ray of light SEA is a 
tangent to the moon at the point A, the angle 
CEA will be a right angle; the line AE, or 
the diſtance of the point A from the boundary 


E CD, can alſo be meaſured by means of a mi- 


crometer ; and CE is the known radius of the 


moon. We have therefore the two ſides CE. 


and E A, of the right-angled triangle CE A, 
from whence we can find the third fide G A; 
and ſubducting the radius CB, the remainder 
AB will be the height of the mountain re- 
quired, Riccioli obſerved the top of the hill 
called St. Catherine, upon the fourth day after 
the new moon, to be illuminated when it was 
diſtant from the confines of the enliglitened 
hemiſphere about one-{ixteenth part of the 
moon's diameter; and by this means found its 
height to be nine miles : So that from this, and 
other ſimilar obfervations, it, appears, that the 


Pi. XV. 


fig. 1. 
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lunar mountains are much higher than any we 
have upon the earth. 

Moſt aſtronomers are of opinion that the 
moon has no atmoſphere, becauſe ſhe is never 
obſcured by clouds or vapours, and becauſe the 
fixed ſtars, at -the time of an occultation, diſ- 
appear inſtantaneouſly, without any gradual di- 
minution of their light. But if we conſider the 
eſſects of days and nights, which are near thirty 
times as long as with us, we may readily grant 
that the phænomena of vapours and meteors 
muſt be very diſſerent. And beſides, the va- 
pourous or obſcure part of our atmoſphere is 
only about the 1980th part of the earth's dia- 
meter, as is evident from the height of the 
clouds, which is ſeldom above three or four 
miles; and, therefore, as the moon's apparent 
diameter is only about thirty- one minutes and 
a half, or 1890 ſeconds, the obſcure part of her 
atmoſphere, when viewed from the earth, muſt 
ſubtend an angle of leſs than one ſecond; which 
is ſo {mall a ſpace, that obſervations muſt be ex- 
tremely accurate to determine whetlier the ſup- 
poted obſcuration takes place or not. 

In looking at the moon through a teleſcope, 
we conitantly obſerve the tame face, and from 
this it is evident that ſhe turns only once round 


upon her axis in the time of every periodical 


revolution; ſo that the inhabitants of the moon 
have but one day and night in the courſe of a 
| month. 
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month. This rotation on her axis, which is the 
moſt uniform motion'the moon has, occaſions a 
ſeeming irregularity, which is called her libra- 
tion. For as the moon's motion in her orbit is 
not uniform, the effect it has in turning her face 
from the earth is likewiſe ſubject to the fame ir- 
regularities ; ſo that, for inſtance, in the ſwifteſt 
part of her revolution, her face is turned from 
the carth ſomething more than her rotation on 
her axis turns it the contrary way, and there- 
fore ſhe will appear to have a ſmall motion on 
her axis towards the eaſt. = 

In the {lower part of her revolution, the con- 
trary will be ſeen; for then the rotation on her 
axis prevailing, brings the weſtern parts into 
fight, and occaſions the eaſtern to diſappear. 
This is called libration in longitude ; beſides 
which there is another kind of libration, that 
ariſes from the moon's axis being inclined to the 


plane of her orbit ; on which account, ſometimes 


one of her poles, and ſometimes the other, is 
inclined towards the earth. In conſequence of 
this we ſee more or leſs of the polar regions at 
different times, and therefore this motion is 

called libration in latitude. | 
One of the molt remarkable circumſtances at- 
tending the moon, is the continual change of 
figure to which ſhe is ſubject. Sometimes ſhe 
appears perfectly tull, or circular, at other times 
only halt or a quarter illuminated, changing 
| | through 


—— 
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Mu through a great variety of figures. And as theſe 12 
8 changes are always the fame at the ſame elonga- © 
«x tion from the ſun, they prove that ſhe receives 5 
1 her light from that luminary: for the moon be- 5 
* ing enlightened on that ſide only which faces . 
1 the ſun, a greater or leſs quantity of that en- 5 
| 3 lightencd part will be viſible, according as it is 7 | 
j | turned towards us, or from us; and her figure 15 | 
i will conſequently appear to vary through the > | 
Y whole of her revolution. This may be eaſily 1 | 
1 Iuſtrated by means of an ivory ball, which be- 1 | 
l 5 ing held before a candle in various poſitions, 9 f 
1 will preſent a greater or Jets portion of its illu— . 


minated hemiſphere to the view of the obſerver, 
according to its lituation. . 
The ſame thing may allo be fhewn thus: Let 
8 repreſent the ſun, I the earth, and A, B, C, D, 
&c. the moon's orbit: then when the moon is 


at A, in conjunction with the ſun S, her dark 
tide being entirely turned towards the carth, the | 
will difappear, as at a, and is now called the | 
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ew moon. When ſhe comes to her firſt octant 
at B, or has gone through an eighth part of her 
orbit, a quarter of her enlightened hemiſphere 
will be turned towards the earth, and ſhe will 


then appear horned, as at 6. When ſhe is at C, 
or has gone through a quarter of her orbir, ſhe 


ſhews us one half of her enlightened hemiſphere, 
as at c, and is then ſaid to be a quarter old. At 
D the is in her ſecond octant, and by ſhewing us 

| | more 
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more of her enhghtened hemiſphere than at C, 
ſhe appears gibbous, as at d. At E, her whole 


enlightened [ide is turned towards the earth, and 


now ihe appears round, as at e, and is faid to be 
at her full. In her third octant at F, part of 
her dark fide being turned towards the earth, 
ſhe again appears gibbous, and is on the de- 
creaſe, as at f. At. G we ſee jult one-half of her 
_ enlightened fide, at which time ſhe appears {till 
| farther decreaſed, as at g. When ſhe comes to 


her fourth octant at H, we only ſee a quarter of 


her enlightened hemiſphere, which occaſions her 


to appear horned, as at Y. And at A, having 


now compleated her courſe, ſhe again diſap- 
pears, or becomes a new moon as before. 

The moon's path or orbit is inclined to the 
plane of the ecliptic in an angle of about five 
degrees and a third; and her periodical revolu- 
tion round the carth 1s performed in twenty- 
ſeven days, ſeven hours, forty-three minutes, 
eleven ſeconds and an. half: but in this motion 
there are many irrecularities, {o that the deter- 
- mination of her true place in the heavens, for 
any given inſtant of time, has ever been conſi-, 
dered as a problem of the utmoſt difficulty. 
Newton was the firſt who pointed out the ſource 
of theſe irregularities, and the mode of inveſti- 
gating them; and from the principles he has laid 
down we have gradually obtained a more exact 
theory of the moon than could have been ex- 
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pected by former aſtronomers. Mayer's lunar 


tables, in particular, are conſidered as extremely 


accurate; for being compared with above two 
hundred obſervations, as well ancient as modern, 
they were {ſeldom found to differ above a minute 
from the truth. | 

But as the theory of the moon's motion is 
too intricate to admit of a popular illuſtration, 
I ſhall leave this ſubject for the preſent, and pro- 
cced to give you ſome account of the reſt of the 
plancts. Mercury, as I have already mentioned, 
is too ncar the ſun to be often ſeen ; but Venus, 
being higher inthe ſyſtem, and more eaſy to 
be obſerved, is found. to be diverſified with ſpots, 
and to have all the various phaſes and ap- 
pearances of the moon. Mountains and vallies 
have alſo been diſcovered in this planet, by 
mcans of good inſtruments; and from the mo- 
tion of her ſpots it is determined, that ſhe re— 
volves round her axis from welt to eaſt in the 
ſpace of about twenty-three hours. 

The face of Mars, on the contrary, is always 
found to be round and full, as his ſuperior ſitu- 
ation requires; excepting at the time of the 
quadratures, when a ſmall part of the unen- 
lightened hemiſphe:e being turned towards us, 
his diſc appears like the moon about three days 


after the full. This planet is alſo diverſified with 


ſpots like the moon, by which his diurnal revo- 
lution is aſcertained in the direction from welt 
ta 
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to eaſt; and from his ruddy and obſcure ap- 
pearance, as well as from other circumſtances, it 
is concluded that his atmoſphere is nearly of the 
fame denfity with that of the earth. Mr. Herſ- 
chel has obſerved that two circles ſurrounding 


the poles of this planet, are very white and lu- 
minous, which is probably owiag to great quan- 


tities of ſnow lying there without melting. 

The teleſcopic appearance of Jupiter affords a 
vaſt field for the curious enquirer. This planet 
is ſurrounded by ſeveral faint ſubſtances, reſem- 


Pl, 


bling belts or bands, which are parallel to the 


plane of his orbit, and conſequently to each 
other. They are not regular or conſtant in 


their appearance : for, ſometimes only one is to 


be ſeen, and ſometimes hve ; and, in the latter 

caſe, two of them have been known to diſappear 
during the time of obſervation. When their 
number is moſt conſiderable, one or more dark 


ſpots are frequently formed between the belts, 


which increaſe till the whole is united into one 
large duſky band. This planet 18 alſo diverſified 
with a number. of large ſpots, which are the 
brighteſt part of his ſurface; but, like the belts, 
they are ſubject to various mutations, both in 
their ſigure and periods. 

That remarkable ſpot, by whoſe motion the 
rotation of Jupiter upon his axis was determined, 
firſt diſappeared in 1694, and was not fcen again 


til 1708, When it re. appeared exactly on the 


ſame 
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ſame part of his ſurface, and has been occaſtonally 
ſcen ever ſince. It has been conjectured that 
theſe belts are ſeas, and that the variations ob- 
ſerved, both in them and the ſpots, are occa- 
ſioned by tides, which are differently affected 
according to the poſitions of his moons. The 


four ſatellites of Jupiter were firſt obſerved by 


Galileo, the 7th of January 1610, ſoon after the 
invention of the teleſcope, but the belts were 
not diſcovercd till near twenty years afterwards. 

Saturn is at too great a diſtance for us to diſ- 


tinguiſh thoſe varieties which it is probable are 


upon his ſurface; but the faint appearance of a 
belt may ſometimes be ſeen, reſembling thoſe of 
Jupiter. The ring which encircles the body of 
this planet, is inclincd to the plane of the eclip— 
tic in an angle of about thirty degrees, in con- 
ſequence of which its apparent figure 1s conti- 
nually varying. When the linc of its nodes 
points directly towards the earth, the ring, pre- 
ſenting its edge to the obſerver, becomes invi— 
ſible; and if the ſame line points directly to— 
wards the ſun, the ring cannot be ſeen for want 
of illumination. But in general its figure is 
that of an oval, which is broader and narrower, 


according as the line of the nodes is further 


from or nearer to the above poſition. 
'This ring is like a large flat circle, ſurround- 
ang the body of the planct, without touching it; 


its diſtance from Saturn being nearly equal to its 


breadth, 
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breadth, which is about 21,00 miles. Some 
have imagined that it is compoſed of a vaſt num- 
ber of ſatellites or moons, diſpoſed in the ſame 
plane, which being ſcen at ſuch a great diſtance, 
may, by means of their blended light, give the 
whole the appearance of a continued body. 
And indeed, if we conſider how much the ſun's 
light muſt be weakened before it can reach Sa- 
turn, ſuch a glorious aſſemblage of moons will 
not appear an unneceſlary appendage to this 
planet. The ring was firſt diſcovered by Huy- 
gens, about the year 1655, who likewiſe ob- 
ſerved the fourth ſatellite ; but the fifth, and the 
firſt three, were not diſcovered till ſeveral years 
afterwards. 5 | T 

As theſe are the moſt intereſting particulars 
relating to the planets, I ſhall now proceed to 
give you ſome account of the comets, thoſe 
erratic bodies, which the ancients conſidered as 
enormous metcors, formed in the atmoſphere, 
and ſent as harbingers of divine vengeance. 
This was the prevailing opinion as early as the 
time of Homer, who ſpeaks of 


«« The red comet, by Saturnia ſent, 
To fright the nations with a dire portent ; 


A fatal ſign to armies on the plain, 
Or trembling ſailors on the wat'ry main.“ 


And a ſimilar alluſion is alſo given by Milton, 
„ho compares the indignation of Satan, at being 
| oppoled 


368 oF THE PHENOMENA AND AFFECTIONS 


oppoſed in his paſlage by Death, to the burning 
of a comet, 


«© That fires the length of Ophiuchus huge 
In th' arctic ſky, and from his horrid hair 
Shakes peſtilence and war.” | 


Tycho Brahe, and Dominique Caſſini, were 
the firſt among the modern aſtronomers who 
gave theſe bodies a place in our ſyſtem ; but 
they appear to have been unacquainted, both 
with their motion round the ſun, and the true 
figure of their orbits. Theſe particulars were 
left for the determination of Newton, who has 
diſcovered the paths they deſcribe, and the laws 
to which they arc ſubject. Their revolutions are 
now known to be performed in very long el- 
lipſes, whole lower focus is in or near the ſun, 
being governed throughout by the ſame law, of 
deſcribing equal areas in equal times, which is 
known to regulate the motions of all the other 
bodies in the ſyſtem. | 

By obſervations of parallax it is alſo found, 
that at their firſt appearance they are nearer to 
us than Jupitcr ; from whence it is concluded 
that they arc, in general, leſs than that planet; 
for if they were as large they would be ſeen as 
far off. In their motions round the ſun they 
are allo ſubject to the ſame irregularities as the 
planets; but as their orbits are extremely eccen- 
tric, thole variations are much more conſider- 

able. 
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able. When they are near the ſun, their mo- 
tion is very rapid, and in the more diſtant parts 
of their orbits extremely flow; ſo that their vi- 
ciſſitudes, in this reſpect, are as much in the 
extreme, as what, they undergo from heat and 
cold. | 
When a comet arrives within a certain diſ- 
tance. of the fun, it emits a fume or vapour called 
its tail; which ſhows that they contain a por- 
tion of matter conſiderably more rare and vola- 
tile than any on the carth; for the tail begins to 
appear when they are yet in a higher, and con- 
ſequently a colder region, than Mars. In every 
ſituation of the comet the tail is always directed 
to that part of the heavens which is nearly op- 
polite to the ſun; and is always greater after the 
comet has paſled its perihelium, than during its 
approich towards it, being greateſt of all when 
it has juſt left that point. „ | 
That part of a comet's orbit, which comes un- 
der our inſpection, is ſo ſmall in proportion to 
the whole, that it differs but little from a para- 
bola, for which reaſon the dimenſions of their 
orbits and periodical times cannot be aſcertained, 
with any degree of preciſion, from a ſingle ob- 
ſervation. But from the re-appearance of ſeveral 
comets, after long intervals of time, in the fame 
region of the heavens; and from their being 
found to move in the ſame curve, it is evident 
that their revolutions muſt be performed in cer- 
| B b -- -— a 
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tain ſtated times, like thoſe of the planets. 
This indeed has been demonſtrated by Dr. Hal- 
ley, who, from the theory of Newton, has cal- 
culated tables for determining the orbits of the 
comets, which, in ſeveral inſtances, have been 
found agreeable to obſervation. 

The comet which appeared in the year 1661, 
was ſeen before in the ſame orbit, and under the 
fame circumſtances, in the year 1532, which 
fthows its period to be 129 years; and if it re- 
appear in the year 1790, its identity will be ſtill 
further conlirmed. So, alſo, the comet which 
appeared in the years 1456, 1531, 1607, 1682, 
and 1759, is determined to revolve round the 
fun in a period of about 76 years. And that 
remarkable comet which was obſerved in the 
year 1680, is ſhewn to be the ſame with the one 
that appeared in the year 1106, its period being 
575 years. | | 

The diſtance of this comet from the ſun, when 
in its perihelium, was to the diſtance of the 
earth from the ſun, as 6 to 1000; its heat, 
therefore, at that time, was to the heat of the 
ſummer's ſun with us, in the ratio of about 
28000 to 1 : ſo that, according to Newton, the 
ſarface of this comet, ſuppoſing it to be com- 
poſed of 2 matter like our earth, would have 
acquired a heat, about 2000 times greater than 
that of red hot iron; which is ſo intenſe, that 
vapours, exhalations, and every volatile matter 
muſt 


LET. XxXxIJ. OF THE SUN, MOON, AND PLANETS. 371 


muſt have been immediately conſumed and 
diſſipated. 

The number of comets belonging to our ſyſ- 
tem is unknown ; but from the accounts of the 
ancients, and the more accurate obſervations of 
the moderns, it is aſcertained, that more than 
four hundred and fifty had been ſeen, previous 
to the year 1771; and when the attention of 
aſtronomers was called to this object, by the ex- 
pectation of the return of the comet of 1759, no 
lefs than ſeven were obſerved in the courſe of 
as many years. From this circumitance, there- 
fore, and the probability that moſt of the comets 
of ſmall apparent magnitudes were overlooked 
by the a:cients, it is reaſonable to conclude, that 
their number is conſiderably beyond any eſtima- 
tion that can be made trom the obſervations we 
now poſſeſs. 

But the number of comets whole orbits are 
ſettled with ſuiicient accuracy for us to aſcertain 
their identity when they appear again, 1s about 
fifty-nine, reckoning as late as the year 1771. 
The orbits of molt of theſe are inclined to the 
| plane of the ecliptic in large angles, and-in their 
perihcliums they come much nearer the ſun than 
the earth docs. Their motions in the heavens 
are alſo various, or diſſerent from thoſe of the 
plancts; ſome moving in conſequentia, or ac- 
cording to the order of the ſigns, and others in 
antecedentia, or a contrary direction; but from 
* a com- 
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a compariſon of the whole it has been found, 
that the number whoſe motions are retrograde, 
is nearly equal to the number whoſe motions are 
_ | 
_ » Theſe different motions of the comets, and the 
various inclinations of their orbits to the plane 
of the ecliptic, could never have been the work 
of chance, but muſt have ariſen from wiſdom 
and deſign. For had their orbits been nearly 
coincident with that of the earth, the two bodies 
might have arrived at the point of interſection, 
at nearly the ſame time, and by their ſhock have 
occaſioned the moſt fatal conſequences to our 
globe. But of all the comets which have hi- 
therto been obſerved, there arc none that are in 
the leaſt likely to give any diſturbance to the 
earth. Should any of them approach ſo near us 
as to be more attracted by the earth than the ſun, 
we might indeed, by that means, acquire another 
moon, which would be a change to our advan- 
tage, rather than a ſubject of terror and diſmay, 
Dr. Halley attempted to ſhow, that the cele- 
brated comet of 1680 was the ſame with that 
which was ſeen about forty-ſix years before 
Chriſt, or ſoon after the death of Julius Cæſar; 
and after having diſcovered its period to be 
about 575 years, he concluded that this comet 
mult alſo have appeared near the time of the 
univerſal deluge, and that it was probably the 
occaſion of that cataſtrophe, This he imagined 
was 
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was effected by the immenſe quantity of humid 
vapours which compoſed its tail: and Mr. Whiſ- 
ton, who ſupported this conjecture with much 
ingenuity, was likewiſe of opinion, that the 
general conflagration will be occaſioned by our 
being involved in the tail of the ſame comet; 
after it has been prodigiouſly heated in its paſ- 
ſage from the ſun. | | 

Sir Iſaac Newton, on „ conjec- 


tured, that this, as well as all the other comets, 


coming nearer and nearer to the ſun in every 
revolution, would at length fall into this lumi- 
nary, and ſerve as r or fuel, to ſupply the 
loſs of matter, which muſt ariſe from the conti- 
nual emiſſion of the particles of light. Theſe, 
however, are mere hypotheſes, and as ſuch, but 
of little value. The ſame alſo may be ſaid of 
every thing that can be advanced concerning 
their being inhabited worlds : for if animals can 


exiſt there, they muſt be creatures very different 


from any that we have the leaſt conception of. 
Some, who have indulged themſelves in viſionary 
ideas of this kind, have imagined, from the pro- 
digious viciſſitudes of heat and cold which they 


are ſubject to in different parts of their orbits, 


that they are the receptacles of reprobated ſpi- 
rits ; and others, with equal propriety, place the 
infernal dominions in the ſun. 

It muſt be obſerved, however, that the con- 


jectures concerning planetary worlds are not 
Bb 3 ſo 
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fo exceptionable as thoſe relating to the comets. 
For as the earth is ſhewn to be a planet ſimilar 
to the other five, we reaſonably conclude by 
analogy, that they muſt be deſigned for the 
ſame purpoſes, though from their different pro- 
portions of heat and cold, it is not credible that 
beings of our make and temperature could live 
upon them. This, however, can ſcarcely be 
affirmed of all the planets; for the warmeſt 
elimate on Mars, is not colder than many parts 
of Norway or Lapland, in the ſpring; though 
Jupiter and Saturn, it muſt be confeſſed, are 
much more ſo than any of the inhabited parts 
of our globe. 

It alſo appears, that the greateſt heat on. the | 
planet Venus, exceeds the heat in the iſland of 
Borneo, or Sumatra, in the Eaſt- Indies, about 
as much as the heat in thoſe places exceeds that 
of the Orkney lands, on the northern coaſt of 
Scotland; ſo that at ſixty degrees of north lati- 
tude, on that planet, if its axis were perpendi- 
cular to the plane of its orbit, the heat would 
not excecd the greateſt heat of our earth; and 

of courſe, vegetation might be carried on, and 
animals, of a ſpecies like ours, might ſubſiſt. 
And, if Mercury's axis be ſuppoſed to have a 
like poſition, a circle round each of his poles, 
of about twenty degrees in diameter, would 
have the ſame temperature as the warmer regi- 
tis of the earth; though in the hotteſt climate 

t | of 
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of this planet water would continually boil, and 
moſt inflammatory ſubſtances be diſſipated and 
deſtroyed. | | | - 
But it is not at all neceſſary that the planets 
ſhould be inhabited by animals like thoſe upon 
the earth. That endleſs variety which we ob- 
ſerve in every part of the creation, which comes 
under our inſpection, plainly indicates that there 
may be beings, of whoſe nature and properties 
we can have no conception. We cannot ſuppoſe 
that the creative powers of the Deity have been 
employed only in peopling our little globe, which 
is but an atom in the univerſe: it is moſt proba- 
ble, that there is an order of exiſtences, in every 
planet, peculiar to its end and deſign, and that 
the Creator has adapted the inhabitants of each 
to their ſituation. Whether we ſhall ever be 
permitted to ſee the grand ſcheme of nature 
completely unfolded, is a matter beyond the 
reach of ſcience to determine; but we have the 
higheſt reaſon to expect that our proſpects wall 
be further extended, and that our hopes of con- 
templating the more glorious works of creation 
will not be diſappointed. | 
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F all the phænomena of the heavens, there 

are none that engage the attention of 
mankind - more than eclipſes of the ſun and 
moon; and to thoſe who are unacquainted with 
aſtronomical principles, nothing appears more 
extraordinary than the accuracy with which 
they can be predicted. In the early ages of an- 
tiquity, ere religion and ſcience had enlightened 
the world, appearances of this kind were gene- 
rally regarded as alarming deviations from the 
eſtabliſhed laws of nature, and but few,' even 
among philoſophers themſelves, were able to ac- 
count for them. At length, when men began 
to apply themſelves to obſervations, and the 
celeſtial motions were better underſtood, theſe 
phenomena were found to depend upon a re- 
cular cauſe, and to admit of a natural and cafy 
{olution. | | | | 
It is to be obſerved, however, that moſt of 
the ancient calculations of eclipſes muſt have 
been extremely defective; for as aſtronomy, in 
thoſe times, was but imperfectly underſtood, all 
its dependent parts muſt have been ſubject to 
great inaccuracies. It is only ſince Newton has 
5 ö unfolded 
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unfolded the theory of gravitation, and me- 
chanics have been brought in to give their aſſiſt- 
ance to philoſophy, that we have had a juſt idea 
of the conſtruction of the univerſe; and though 
eclipſes might have been computed independent 
of this knowledge, yet the calculations muſt have 
been far leſs exact than they are at preſent. 

The accounts which are to be found in many 
of the early hiſtorians, concerning the prediction 
of eclipſes, by Thales, Anaxagoras, and. others, 
who lived long before the commencement of 
the Chriſtian æra, are only to be underſtood of 
ſome of the moſt remarkable of theſe phæno- 
mena, which a groſs calculation might deter- 
mine, ſufficiently near the truth, to excite the 
admiration of an uninformed age. There are 
many elements that are uſed in the exact com- 
putation of ſolar eclipſes in particular, which 
aſtronomers, in a leſs advanced ſtate of the 
ſcience, muſt have been totally unacquainted 
with; and as the moderns, by theſe means, have 
rendered their calculations far more accurate 
and preciſe, it affords a convincing proof, even 
to the moſt illiterate, that the principles from 
which ſuch a perfect knowledge of the heavenly 
| motions is derived, mult be juſt and undeniable. 
To enter into a popular explanation of all the 
principles of this doctrine, would be no eaſy taſk. 
I ſhall therefore only attempt to give you a ge- 
neral idea of the ſubject, and to ſhew you, with- 

out 
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out the embarraſſment of calculations, the foun- 
dation upon which it depends. In the firſt 
place, then, it is to be obſerved, that all opaque 
or dark bodies, when they are expoſed to the 
light of the ſun, caſt a ſhadow behind them in 
an oppoſite direction: and as the earth is a body 
of this kind, whoſe ſhadow extends over a large 
ſpace, and to a great diſtance, it is plain that the 
moon, in paſſing through this ſpace, muſt be de- 
pri ved of her light, or ſuffer an eclipſe. 

And becauſe the earth 1s ſpherical, the figure 
of the ſhadow would be cylindrical, if the earth 
and ſun were of equal magnitudes : but if the 
earth were larger than the ſun, the figure of the 
ſhadow would be that of an inverted cone, 
growing thicker and thicker the farther it ex- 
tended; ſo that in both theſe caſes it would run 

out into infinite ſpace, without ever terminating 
or coming to an end, and eclipſe the ſuperior 
planets Mars, Jupiter, and Saturn, when they 
were in oppoſition to the ſun. But as this never 
happens, it is plain that the ſun is larger than 
the earth; and that the earth's ſhadow muſt be 
conical, and end in a en | 

The figure of the moon's ſhadow is alſo that 
of a cone; and when it falls upon any part of 
the earth, the inhabitants of that part will be 
involved in darkneſs, and the fun will ſeem to 
them to be eclipſed as long as the ſhadow covers 
them. But as the moon is much leſs than the 

2 carth, 
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earth, and its ſhadow can extend over but a 
{mall portion of the earth's ſurface, there will be 
total darkneſs only in that ſpace where the 
ſhadow falls; and in the circumjacent places, 
the inhabitants will ſee a greater or leſs part of 
the ſun's diſc obſcured, according as they are 
nearer to or farther from the ſhadow : ſo that 
eclipſes of the ſun are always confined to parti- 
cular places; but thoſe of the moon may be ob- 
ſerved from every part of the earth, when ſhe 
is above the horizon at the time the eclipſe 
happens. e 
If the ſun and moon were of equal magni- 
tudes, the moon's ſhadow would frequently ex- 
tend over a portion of the earth's ſurface of 
more than 200 miles broad; but this never 
happens : for, except in total eclipſes of the ſun, 
when the ſhadow falls very. obliquely, it is ſel- 
dom found to be 150 miles in breadth: ſo that 
from this circumſtance, as well- as from many 
others, it is ſufficiently evident, that the moon 
muſt be much leſs than the ſun. And ſince it 
is likewiſe found, from the time of the duration 
of many lunar eclipſes, that the earth's ſhadow 
is large enough to cover the moon, if her dia- 
meter were three times greater than it is, it alſo 
follows that the earth muſt be larger than the 
moon. 
From what has been ſaid, it is plain that there 
can be no lunar eclipſe but at the time of full 
| moon, 


— 


RI 


* 
„ > 


. ” „ [ITY 5 
4 or er ears co 


* 
C5 
-x* 
2 
of 
5 
Ke 
> 
: 
&- 
4 
Y 
«Bp 
;9 
* * 
* 
3 
3 
4,55 
* 
3 
OC 
i 
of 
+ 
. 
* 
5 * 
1 
8 . 
3 
3 
_ 
Cc. By 
x 
\& 
1 
* 


390 or THE ECLIPSES OF THE 


moon, or when ſhe is oppoſite to the ſun; and 
that an eclipſe of the ſan can never happen but 
at the time of a new moon, or when ſhe is in 
conjunction with that luminary : for it is only 
at thoſe times that the earth and moon are in a 
ſtraight line with the ſun, or that the ſhadow of 
the one can fall upon the other. And ſince 
there is a new and full moon every month, it 
may be naturally enough imagined that there 
ſhould be two eclipſes in a month, one of the 
ſun, and the other of the moon: but this is far 


from being the caſe; for there are but few 


echpſes 1 in compar iſon to the number of new and 


full moons. 


If, indeed, the plane of the moon's orbit were 
coincident with that of the earth's, the moon 
would then paſs through the middle of the 
earth's ſhadow, and be eclipſed at every full: 
and, in like manner, the moon's ſhadow, falling 
upon ſome part of the earth, would occaſion an 
eclipſe of the ſun at every change. But one 
half of the moon's orbit being elevated about 
five degrees and a third above the plane of the 


ecliptic, and the other half as much depreſſed 


below it, the moon can never be in the ſame 
plane with the carth, but when ſhe is in the 


nodes, or one of the two points where the orbits 


interſect each other. And, therefore, as the 
moon may make a number of revolutions round 
the earth, before a new or full moon takes place 
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in one of thoſe points, it is plain that there may 
be no eclipſe, either of the ſun or moon, in the 
ſpace of ſeveral months. 

When the nodes, or two points of interſection, 
are in à right line with the center of the ſun, at 
the time of a new moon, the moon's ſhadow 
will fall upon the earth, and occaſion a folar 
eclipſe; and if they have the ſame ſituation at 
the time of a full moon, the earth's ſhadow will 
fall upon the moon, and occaſion a lunar eclipſe. 
But when the ſun and moon are more than ſe- 
venteen degrees from either of the nodes at the 
time of conjunction, the moon is then generally 
too high or too low in her orbit for any part of 
her ſhadow to fall upon the earth. And when 
the ſun is more than twelve degrees from either 
of the nodes, at the time of oppoſition, the 
moon is commonly too high or too low in her 
orbit to go through any part of the earth's ſha-. 
dow ; ſo that in both theſe caſes there will be no 
_ eclipſe. 

But when the moon is leſs than ſeventeen de- 
grees from either of the nodes at the time of 
conjunction, a greater or leſs portion of her 
ſhadow will fall upon the earth as ſhe is more 
or leſs within this limit: and when ſhe is leſs 
than twelve degrees from the node, at the time 
of oppolition, the will go through a greater or 
leſs portion of the carth's ſhadow according to 
her ſituation. And as the ſun commonly paſſes 


by 
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by the nodes but twice a year, and the moon's 
orbit contains 360 degrees, of which ſeventeen, 
the limit of ſolar eclipſes, on either ſide of thoſe 
points, and twelve the limit of lunar eclipſes, 
are but ſmall portions, it is eaſy to perceive that 
there muſt be many new and full moons without 
any eclipſes. | 

The limits I have mentioned are ſubject to 
ſome variations; but, as a ſcrupulous accuracy, 
in 2 popular explanation of this kind, would be 
tedious and unneceſſary, I ſhall proceed to illuſ- 
trate the general doctrine by a figure. For this 
purpoſe, let AB CD be the ecliptic, or the 


carth's path in the heavens; RS U a circle 


lying in the ſame plane, and VW X Y the moon's 
orbit; one half of which X VV ts above the 
ecliptic, and the other half V W X below it. - 


Then will the points V and X, where the two 


circles interſect each other, be the moon's nodes; 


and the right line X EV, drawn from the one 


to the other, through the carth's center, will be 


the line of the nodes; which is carried in a po- 


ſition, nearly par allel to itſelf, round the ſun in 
Spear. 

Now it is . hol the ones that if the 
moon moved round the earth in the circle 
RSTU, which 1s coincident with the plane of 
the echptic, her ſhadow would fall upon the 
earth every time ſhe was in conjunction with 
the ſun ; and at every oppoſition {he would go 

through 
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through the earth's ſhadow : ſo that in this caſe 
the ſun would be eclipſed at every change, and 
the moon at every full. But as the moon, moves 
in the circle VW X Y, which is inclined to the 
former in an angle of about five degrees and a 
third, there can be no eclipſe but when ſhe is in 
or near one of the nodes V or X, at the time of 
full or change: for in all other poſitions, ſhe 
will be too much out of the plane of the ecliptic 
for her ſhadow to fall upon the carth, or for the 
earth's ſhadow to fall upon her. 
When the moon is in conjunction with the 
ſun at i, her ſhadow N muſt fall upon the earth 
at a, becauſe ſhe is then very near one of her 


nodes; and at her oppoſition » ſhe muſt go 


through the earth's ſhadow I, becauſe ſhe is then 
near the other node. But in the time ſhe goes 
once round the earth, according to the order of 
the letters X Y VW, the earth will have ad- 
vanced forwards from E to e; and as the line of 
the nodes VE X, is always carried nearly parallel 
to itſelf, the moon at her next change will be at 
the point 7, which is too high above the ecliptic 
for any part of her ſhadow to fall upon the earth. 

And, for the ſame reaſon, as the earth is ſtill 
moving forward in its orbit, the moon, at her 
next oppoſition, will be at g; which is too far 
below the ecliptic for her to go through any 
part of the carth's ſhadow, _ 


Again, 
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Again, when the earth has moved. through a 


quarter of the ecliptic to F, and the moon is in 


conjunction with the ſun 8, ſhe will not be at æ, 


in a plane coincident with the ecliptic, but above 
it at Y, in the higheſt part of her orbit : and, in 
this ſituation, the point h of her ſhadow O will 
fall as far above the earth as poflible. For the 
fame reaſon, the moon, at her next oppoſition, 
will not be at o, but at W, in the loweſt part of 


her orbit, in which ſituation ſhe will be as far 


below the earth's ſhadow as poflible : ſo that in 


both theſe caſes the line of the nodes V E X will 


be about ninety degrees from the ſun, and the 
two luminaries will be as far removed from the 
limits of eclipſes as the nature of their orbits 
will admit. | b 

When the earth has gone half round the eclip- 


tic, from E to G, the line of the nodes VG X, 


is nearly directed towards the ſun at 8, and then 


the new moon / caſts her ſhadow P upon the 


earth G; and the full moon ↄ goes through the 
earth's ſhadow L, which brings on eclipſes again, 
as when the earth was at E. And when. the 


earth has gone three quarters round the ecliptic 
to H, the new and full moons fall not at mand. 


q, in a plane coincident with the ecliptic, but at 
Wand Y, about five degrees and a third below 


and above it: ſo that, in this caſe, the moon's 


ſhadow falls as far below the earth, and the 
earth's ſhadow as far below the moon, as poſ- 


ſible ; 
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ſible; and they are now removed at as great a 


diſtance from the limits of eclipſes as when the 
earth was at F. | : 
The point X, where the moon's orbit croſſes 


the ecliptic, is called the Aſcending Node, be- 


cauſe the moon aſcends from it above the echp- 
tic; and the oppoſite point of interſection V, is 
called the Deſcending Node, becauſe the moon 
deſcends from it below the ecliptic. And when 


the moon 1s in the higher part of her orbit 
X VV, ſhe is ſaid to have north latitude; and 


when ſhe is in the lower part V W Y, ſhe is ſaid 


to have ſouth latitude. It appears, alſo, from 


what has been already obſerved, that when the 
earth is at E and G, the moon 1s about her 
nodes at new and full, and in her greateſt north 
and ſouth latitude at her quarters : but when 
the earth is at F or H, the moon is in her great- 
eſt north and ſouth latitude at new and full, and 
in the nodes about her quarters. 

If the line of the nodes were always carried 
parallel to itſelf round the ſun, there would be 
Juſt half a year between the conjunctions of the 


ſun and nodes. But as the nodes ſhift back- 
wards, or contrary to the earth's annual motion, 


about 194 degrees in a year, the ſame node will 
come round to the ſun about nineteen days 
ſooner every year than upon the preceding one; 
ſo that from the time when the aſcending node 
X paſles by the ſun, as ſcen from the earth at E, 

i ths 
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there will be only 173 days before the deſcend- 
ing node paſſes by him. And, conſequently, at 
whatever time of the year we have eclipſes about 
cither of the nodes, we may expect, in about 
173 days afterwards, to have GR about the 
other node. 

And when, at any time of the year, the "Wi of 
the nodes is in the ſituation V G X, at the ſame 
time next year it will be in the ſituation 1 Gs; 
the aſcending node X having gone backwards, 
or contrary to the order of the ſigns, from X to 5, 
and the deſcending node from V to r, each about 
191 degrees. At this rate, therefore, the nodes 
will ſhift through all the ſigns and degrees of 
the ecliptic in eighteen years and 225 days; and 
in this time there would always be a regular 
| period of eclipſes, if any complete number of 
lunations were finiſhed without a fraction. But 
this never happens; for if both the ſun and 


moon ſhould ſet out together from a line of 


conjunction with either of the nodes, in any 
point of the ecliptic, the ſun would go through 
eighteen annual revolutions and 222 degrees 
over, and the moon through 2390 lunations and 
$5 degrees of the 231ſt, by the time the nodes 
came round to the ſame point of the ecliptic 
again ; and, therefore, the ſun would be then 
138 degrees from the node, and the moon 8 5 
degrees from the ſun. 


After 
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After the ſun, moon, and nodes, however, 
have been once in a line of conjunction, they 
will return ſo nearly to the ſame flate again in 
223 mean lunations, or about eighteen years and 
ten days, as that the ſame node, which was in 
conjunction with the ſun and moon at the be- 
ginning of the firſt of theſe lunations, will be 
within leſs than half a degree of a line of con- 
junction with the ſun and moon again, when 
the laſt of theſe lunations is completed. And, 


therefore, in that time, there will be a regular 


period of eclipſes, or returns of the ſame eclipſes 
for many ages. But the falling back of the line 
of conjunction of the ſun and moon, with re- 
ſpect to the line of the nodes, in every period, 
will at length exhauſt it, and after that it will 
not return again in leſs than 12,492 years. 
Another period for comparing and examining 
eclipſes, which happen after long intervals of 
time, is that which conſiſts of 6890 mean luna- 
tions, or about 557 years and 21 days; in which 
time the ſun and node will meet again ſo nearly, 
as to be little more than eleven ſeconds diſtant : 
but it will not be the ſame eclipſe that returns, 
as in the ſhorter period above-mentioned. Theſe 
periods are ſaid to have been diſcovered by the 
Chaldeans fix or ſeven hundred years before the 
birth of Chriſt; but M. Bailly, in his Hiſtoire 
de PAſtronomie Ancienne, has endeavoured to 
ſhew, that the invention is of a much earlier 
| Ce 2 Ro 
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date. He finds, from the teſtimonies of ancient 
authors, that theſe periods, as well as thoſe of 
19 and 600 years, which ſerve to ſhew the re- 
turns of the new moons, were known to the 
Arabs, Indians, Chineſe, and Tartars, long be- 
fore the ſciences were cultivated in Greece. 
And as a knowledge of this kind could have 
only been obtained from a long ſeries of obſer- 
vations, or a general and perfect acquaintance 
with the celeſtial motions, he thinks it probable, 
that theſe, as well as many other diſcoveries of 
equal importance, are due to the antediluvians, 
or the moſt ancient inhabitants of the earth. 
But as this is a favourite hypotheſis of M. 
Bailly's, in which I apprehend but few aſtrono- 
mers will agree with him, I ſhall leave the juſti- 
fication of his tenets to himſelf, and proceed to 
the illuſtration of our ſubjet. In the firſt 
place, then, it will be neceflary to give you 
ſome account of the different kinds of eclipſes, 
and the cauſes which produce them. And here 
nothing more is requiſite to be obſerved, than 
that every variety of this kind that can take 
place, either with reſpect to the ſun or moon, is 
owing to the elliptical figure of their orbits, and 
the poſition they are in at the time the eclipſe 
happens. 5 | = | 
When the moon changes at her leaſt diſtance | 
from the earth, and is within the proper limits 
of the node, ſhe will appear large enough to 
| | | cover 
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cover the whole ſolar diſc; and thoſe inhabi- 


tants of the earth where her ſhadow falls, will 


have the ſun entirely hid from their fight for 


ſome minutes. But when the moon changes at 
her greateſt diſtance from the earth, and is near 
enough to the node, her diameter will ſubtend 
a leſs angle than the ſun's : and, on that account, 
her dark ſhadow muſt terminate in a point before 
it reaches the earth; and at the place over which 
it hangs, the ſun's edge will appear like a lumi- 
nous ring all round the body of the moon. 
The former of theſe is called a total eclipſe, 
and the latter an annular one. And as the 
moon's apparent diameter when largeſt, exceeds 


the ſun's when leaſt, by only about a minute 
and a half of a degree; in the greateſt eclipſe of 


the ſun that can happen at any time and place, 
the total darkneſs will continue no longer than 


whilſt the moon goes through a minute and a 


half of her orbit from the ſun; which ſhe de- 
ſcribes in a little more than three minutes of 
time. But when the change happens within 
ſeventeen degrees of the node, and the moon 1s 


at her mean diſtance from the earth, the point 


of her ſhadow will juſt reach the earth, and on 
the ſmall ſpot where it falls, the darkneſs can 
be only of a moment's continuance, 

A total eclipſe of the ſun is a very curious 
ſpectacle. Clavius, who obſerved the one which 


happened on the 21ſt of Auguſt i 560, at Coimbra, 


1 in 


c̃rclipſes of the ſun that happened, one at the 
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in Portugal, obſerves, that the obſcurity was 
greater, or at leaſt more ſtriking and ſenſible, 
than that of the night. It was ſo dark for ſome 
time, that he could ſcarcely ſee his hand; ſome 
of the largeſt ſtars made their appearance for 
about a minute or two, and the birds were ſo 
terrified that they fell to the ground. Theſe 
eclipſes, however, happen but ſeldom at any 
particular place; and annular ones are much 
leſs common : the laſt remarkable one of this 
kind was that of the 1ſt of, April 1764, which 
was ſcen at Rennes, Calais, and Pello in Lapland. 
Dionyſius of Halicarnaſſus mentions two total 


birth of Romulus, and the other at his death, 
in each of which the obſcurity was as great as 
in the middle of the darkeſt night. But this 
account, like that of the prodigies which were 
ſcen at the death of Cæſar, deſerves but little 
credit. In ancient times, every great event was 
ſaid to have been accompanied with comets or 
other portentous appearances, and eclipſes of 
the ſun in particular were always regarded as 
calamitous omens, preſaging the death of Kings, 
or ſome illuſtrious character. This ſuperſtition |. 
is frequently alluded to by the Poets, and is the 
foundation of one of the nobleſt ſimiles in the 
Paradiſe Loſt. | 3 


— A 


« As when the ſan new riſen 
Looks through the horizontal miſty air 
| Shorn 
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Shorn of his beams, or from behind the moon 
In dim eclipſe diſaſtrous twilight ſheds 
On half the nations, and with fear of change 


Perplexes monarchs: darkened fo, yet ſhone 
Above them all th' Arch-Angel.” 


In China, where aſtronomy is made ſubſer- 
vient to the intereſt of the ſtate, they have par- 
ticular ceremonies appropriated to thoſe days 


on which eclipſes are to take place, and accord- 


ing to the accounts of the miſſionaries, both the 
prince and the people are ſcrupulouſly exact in 
the obſervance of them. The chicf of the Tri- 
bunal of the Mathematics is here a grand, but 
dangerous appointment ; for, under the reign of 
the emperor Chou-kang, the two principal aſtro- 
nomers, Ho and Hi, were condemned to death, 
on account of their omitting, through negli- 
gence and intoxication, to announce the preciſe 
time of an eclipſe of the ſun. This eclipſe, which 


happened 2169 years before Chriſt, and a re- 


markable conjunction of four of the planets, 
which their annals affirm to have taken place at 
a {ill earlier period, are thought, by many aſtro- 
nomers who have examined the ſubject, to be 
ſtrong proofs of the authenticity of the Chineſe 
chronology. 

But to return to our ſubject. — Beſides the 
dark ſhadow of the moon already mentioned, 
there 15 another fainter one, called the Penum- 
bra, which always accompanies a ſolar eclipſe, 


CT 4 and 
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and takes place upon thoſe parts of the earth 
which are only partially deprived of the ſun's 
rays. For let S be the ſun, E the earth, and m the 
moon ; then if two right lines be drawn from 
A and B to touch the body of the moon in- 
and 5s, they will form the cone ros, which is the 

figure of her dark ſhadow, as it falls upon the 

carth at 0; and two other lines, drawn through 
the ſame points tranſverſely, will ſhew the limits 
of the penumbra, or faint ſhadow C rs D; in 
every part of which ſpace there is more or leſs 
light, according as it is farther from, or nearer 


to the center o. 


And as the moon moves eaſtward over the 
ſun's diſc, the dark ſhadow deſcribes the path 
C D, and all the inhabitants, living within that 
tract, will have the ſun ſucceſſively and totally 
eclipſed; whilſt thoſe who are at ſome diſtance 
from it, will have a partial eclipſe, according as 
they are more or leſs within the circle of the 
penumbra C r s D. So that when the penum- 
bra firſt touches the earth, the general eclipſe be- 


gins, and when it leaves the earth the eclipſe 


Lads: the whole duration, at a mean rate, being 
about five hours and fifty minutes. 

The earth's dark ſhadow FCD G, is alſo en- 
compaſſed by a penumbra, in the ſame manner 
as the moon's, which 1s faint cowards the edges 


cr and De, and more obſcure towards C F and 


DG; and this is the reaſon why it is ſo difficult 
. 75 to 
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obſerve exactly either the beginning or end of 
a lunar eclipſe, even with a good teleſcope; 
for the earth's ſhadow is ſo faint and ill- deſined 
about the edges, that when the moon is either 
Juſt touching or leaving it, the obſcuration of 
her limb is ſcarcely ſenſible. But both the be- 
ginning and end of ſolar eclipſes are viſible in- 
' ſtantaneouſly ; for the moment the edge of the 
moon's diſc touches the ſun's, his roundneſs 
ſeems a little broken on that part ; and the 
moment ſhe leaves it, he appears perfectly round 
again. . | 1 
The moon, when totally eclipſed, is ſeldom 
inviſible, but generally appears of a duſky co- 
lour, reſembling tarniſhed copper, which ſome 
have thought to be owing to her own native 
light ; but the true cauſe of this appearance is 
the fcattered beams of the ſun, which are fo 
bent into the earth's ſhadow, in their paſſage 
through the atmoſphere, as to afford us a ſufli- 
cient quantity of light to render the moon viſi- 
ble. There have, however, been eclipſes of the 
moon, when in that part of her orbit neareſt the 
earth, in which ſhe has entirely diſappeared; but 
theſe inſtances are very rare. Hevelius men- 
tions one of this kind, which happened on the 
25th of April, 1642, when he was not able to 
diſtinguiſh the place of the moon, even with a 
good teleſcope, although the ſky was ſuſliciently 
clear for him to ſee ſtars of the fifth magnitude. 
From 
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From what has been ſaid, it is alſo plain, that 
there may be a total eclipſe of the moon, al- 
though ſhe be not exactly in either of the nodes 
at the ti e eclipſe happens; for as the dia- 
meter of the carth's ſhadow is much greater than 
that of the moon, it 1s plain that ſhe may be 


wholly involved in the dark cone without paſ- 


ting directly through its axis. The moon may 
likewiſe be at ſuch a diſtance from the node, 


that only a part of her body can enter the earth's 


ſhadow, and then we {hall have a partial eclipſc 
of the moon, which will be greater or leſs ac- 
cording to her lituation. But when it happens 
that the full moon takes place exactly in one of 
the nodes, then the axis of the earth's ſhadow 
will paſs through the center of the moon, and it 
will be a total and central eclipſe. 

The diameters of the fun and moon are ſup- 
poſed to be divided into twelve equal parts, 
and an eclipſe is {aid to be of ſo many digits, 
according to the number of thoſe parts which 
are involved in darkneſs. It muſt alſo be ob- 
ferved, that an eclipſe of the moon always be- 
gins on her caſtern ſide, and goes off on her 


weſtern; and that an eclipſe of the fun begins 


on his weſtern ſide, and goes off on his eaſtern, 


And all that the moon is eclipſed above twelve 
digits, ſhows how far the ſhadow of the earth 
extends over her body, on that edge to which 
ſhe is neareſt at the middle of the eclipſe. 

| | — 
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Eclipſes of the fun are more frequent than 
thoſe of the moon, becauſe his ecliptic limits are 


greater; and yet we have more viſible eclipſes 


2 the moon than of the ſun; which is owing 


to their being ſcen from all parts of the earth, 


\ where the moon 1s above the horizon at the 


time the eclipſe happens ; whilſt thoſe of the ſun 


can only be obſerved on that ſmall portion of 


the hemiſphere on which the moon's ſhadow 
falls. The greateſt number of eclipſes, of both 
luminaries, which can happen in a year, is ſeven, 
and the leaſt two; but the moſt uſual number 
is four; and it is very rare that there are more 
than ſix, one half of which-are generally invi- 


ſible at any particular place. 


Theſe are the principal particulars relating to 
the doctrine of eclipſes, which admit of a familiar 


, illuſtration, and if they be properly conſidered, 


\it will not be difficult to conceive how aſtrono- 


mers are able to foretell the exact time when 


any phænomenon of this kind will happen. For 


as an eclipſe can only take place at the time of 
a new or full moon, the chief requiſites are to 
determine the number of mean conjunctions and 


oppoſitions that will arrive in every year, and 


the true places of the ſun and moon in their 


orbits at each of thoſe times. And if from this 


it appears, that the two luminaries are within 
the proper limits of the node, there will be an 


eclipſe, 
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: _ eclipſe, or r otherwiſe not, agreeable to what has 


been already obſerved upon this ſubject. 

2 But in order to facilitate theſe operations, we 
have aſtronomical tables ready computed from 
the theory of graviiation, by which the places 
of the heavenly bodies, and every other neceſſary 
particular, may be eaſily found for any. given 
inſtant of time. Dr. Halley has alſo given a 
catalogue of all the eclipſes hat took place from 
the year 1701 to 1718, which the author of L'Art 
de verificr les Dates, and others, have continued 
up to the year 1800; ſo that by means of the 
period of cighteen years, in which there is found 
to be nearly a regular return of the ſame eclipſes, 
it is eaſy to inſtitute a calculation, that will de- 


termine, to a great degree of preciſion, the times 


in which they will happen. 

This method, however, is not ſtrictly ſcien- 
tific; and there are, beſides, many other ele- 
ments employed in calculating the quantity and 
duration of eclipſes, which, as you are unac- 
quainted with the higher parts of mathematics, 
it is ſcarcely poſſible to explain in a clear and 


ſatisfactory manner. If what has been ſaid 


ſhould lead you to wiſh for a farther acquaint- 


ance with this doctrine, you will find it amply 


treated of by M. de la Lande, Dr. Long, and 


others; but theſe authors cannot be read, to any 


adv antage, till you have obtained'a previous 
know ledge of many other branches of ſcience. 
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T is a general and immemorial tradition, 

which is countenanced both by ſacred and 
profane hiſtory, that prodigious changes and 
revolutions have taken place in our globe ſince 
its firſt formation: and the bare inſpection of 
the earth gives great weight to this opinion. 
We can perceive, in many inſtances, that the 
waters of the ocean have not always been con- 
| fined within their preſent bounds. The vege- 
tables and fiſhes of India, which are found in 
the petrefactions of Europe; and the number 
of ſhells, and other marine productions, diſco- 
vered in ranges of mountains very remote from 
the ſea, can be accounted ior upon no other 
principle. This was a doctrine which was taught 
both by Pythagoras and his followers; and 
Ovid, in explaining the tenets of that ſect, ſpeaks 
in the name of all the Oriental OO 
when he ſays, 


«© The face of places, and their forms, decay; 

And what was ſolid earth converts to ſea; 
Seas, in their turn, retreating from the ſhore, 

Make ſolid lands what ocean was before; 
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And far from ſtrands are ſhells of fiſhes found; 

And ruſty anchors fixed on mountain ground: 

And what were fields before, now mark'd and worn 
By falling floods, from halls to vallies turn : 
And crumbling fill deſcend to level lands; 

And lakes, and trembling bogs, are barren ſands : 
And the parch'd deſert floats in ſtreams unknown, 
Wondering to drink of waters not her own.” 


To theſe - teſtimonies, which ſeem conſonant 
both with hiſtory and experience, may be added 
another {till more ſingular ; which is that of the 
ancient Egyptians, who maintained that the ſun, 
in former ages, had riſen in the weſt and ſet in 
the caſt. It was, indeed, a tradition as obſcure 
as their hieroglyphics; and Herodotus, Plato, 
Diogenes Laertius, and Plutarch, who all men- 
tion this revolution, muſt be conſidered as au- 
thors by far too modern to deſerve much credit 
with regard to ſuch antiquities. They are, 
however, ſo many remaining witneſſes that this 
opinion once prevailed; and, from the diſco- 
veries of the moderns, ſome have been induced 
to believe, that the idea, extravagant as it may 
ſeem, was not altogether without foundation. 
The beſt modern aſtronomers are now gene- 
rally agreed, that the angle which the ecliptic 
makes with the equator is continually decreaſ- 
ing, at the rate of about one minute in a hun- 
dred years; and therefore, if this diminution 
ſhould procced, the two circles, in about 140,000. 

= Ep years, 
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years, would coincide, and the ſun, moving in 
or near the equator, would make equal days and 
nights all over the globe for many ages. There 
is reaſon to believe, however, that this enor- 
mous period will never be completed; and to 
ſeek for a ſolution of the Egyptian ænigma, as 
ſome writers have done, from theſe principles, 
is to invalidate the truth of revelation, and the 
moſt authentic records of ſacred hiſtory. A re- 
volution of this kind, ſufficient to reverſe the 
four cardinal points of the compaſs, could not 
have been accompliſhed in leſs than two millions 
of years; and this is giving a length of duration 
to the world, that but few will admit. 

We are told by Diodorus Siculus, that the 
philoſophers of Babylon, at the time of Alexan- 
der's entry into that city, reckoned 403,000 
years from the beginning of their aſtronomical 
_ obſervations. And upon a ſuppoſition that the 
ecliptic was firſt perpendicular to the equator, 
and afterwards began to approach towards it, 
according to the rate above-mentioned, this pe- 
riod very nearly agrees-with the diminution of 
the angle, which, in that time, had taken place, 
and reduced the obliquity to 23 degrees and a 
half. But from this it is not to be inferred, that 
the Chaldean aſtronomers had actually obſerved 
the celeſtial motions for ſo many ages. It is the 
cuſtom of all conquered nations to boaſt of their 

origin, and to endeavour to recover by their 
| | antiquity 
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antiquity the glory which they have loſt by their 
weakneſs. They were, moſt probably, ac- 
quainted with the varying obliquity of the echp- 
tic, and having diſcovered this epocha by cal- 
'Þ culation, pretended that it was derived from 
| real obſervations. | 
Some, however, are of a contrary opinion ; s 
| and from the uncertainty of ancient obſerva» 
| tions, are diſpoſed to believe, that the obliquity 
N of the ecliptic has been always the ſame. But 
| | in this they are certainly miſtaken ; for beſides 
the apparent decreaſe of this angle, which has 
been obſerved by almoſt every aſtronomer ſince 
the time of Hipparchus, the variation of latitude 
im the fixed ſtars is ſuch as could ariſe from no 
other cauſe. Ptolemy tells us expreſsly that he 
determined the obliquity, for ſeveral years toge- 
ther, to be 23 degrees 51 minutes, and it is now 
known to be 23 degrees 28 minutes, which ap- 
pears to be too great a difference to be attri- 
buted to. any defect in his obſervations. But 
independent of ancient teſtimonies, the atten- 
tion which has been beſtowed upon this ſubject 
for near a century paſt, has enabled us to decide 
with certainty that the diminution is real, and 
according to a certain law. | 
M. Euler, and other mathematicians, have 
_ endeavoured to ſhew, that this effect is produced 
by the attraction of the planets; but as the 


Foes which uy have employed are too 
abſtruſe 
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abſtruſe and complicated to be explained in a 
popular manner, I ſhall not attempt to illuſtrate 
them; but proceed to give you ſome account of 
another diſcovery, no leſs important than the 
former. Hipparchus, in comparing his obſer- 
vations with thoſe of Timocharis, which had 
been made at Alexandria about a century be- 
fore, firſt perceived that the ſtars changed their 
poſitions, and appeared to have a ſlow motion 
from weſt to eaſt with regard to the equinoctial 
points. 

This change of the ſtars in longitude, which 
has now become ſufficiently apparent, is owing 
to a ſmall retrograde motion of the equinoctial 
points, of about 50 ſeconds in a year, which is 
occaſioned by the attraction of the ſun and moon 
upon the protuberant matter about the equator, 
in nearly the ſame manner as the action of the 
ſun produces the retrograde motion of the nodes 
of the moon. The ſame cauſe alſo occafions a a 
{mall deviation in the paralleliſm of the earth's. 
axis, by which it is continually directed towards 
different points in the heavens, and makes 2 
complete revolution round the axis of the eclip- | 
tic in about 25, 920 years. 

The former of theſe motions is called the pre- 
ceſſion of the equinoxes, and the latter the nu- 
tation of the earth's axis. And in conſequence * 
of this ſhifting of the equinoctial points, an alte- 
ration has taken place in the ſigns of the eclip- 
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tic; thoſe ſtars, which in the infancy of aſtro- 
nomy were in Aries, being now got into Taurus ; 
_ thoſe of Taurus into Gemini, &c. So that the 
ſtars which roſe and ſet at any particular ſeaſon 
of the year, in the times of Heſiod, Eudoxus, 
Virgil, &c. will not at preſent anſwer to the 
deſcriptions given of them by thoſe writers. 


Some ſay the zodiac conſtellations 

Have long ſince chang'd their antique ſtations 
Above a ſign, and prove the ſame 

In Taurus now, once in the Ram. 

Affirm the Trigons chop'd and chang'd 

The watr'y with the fiery rang'd: 

That in twelve hundred years and odd, 

'The ſun has left his ancient road, 

And nearer to the earth is come 

*Bove fifty thouſand miles from home.“ 


| . _ HuniBkras. 


It was by means of this retrogreſſive motion 
of the equinoctial points, that Sir Iſaac Newton 
was enabled to fix the time of one of the moſt 

remarkable epocha's of chronological hiſtory, 

| and to throw ſome light upon the fables of an- 
tiquity. He proves, from the teſtimonies of 
ſeveral ancient authors, that Chiron the Centaur, 
Who was one of the Argonauts, conſtructed a 
ſphere,. on which the Colure of the Equinoxes 
was made to paſs by certain ſtars, and to cut 
the ecliptic i in the middle of the ſigns Aries and 
| Libra. And by finding what ſtars the. ſame 
circle 
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circle paſſed by in the year 1699, when he firſt 


made this enquiry, and in what points it cut 
the ecliptic, the difference, allowing a change of 


one degree in about 72 years, gave him the Æra 
of the Argonautic Expedition; and from thence, 
by a neceſſary conſequence, that of the Trojan 


war: upon which two great events all the anci- 
ent Chronology entirely depends. 


But of all the diſcoveries in this ſcience, none 
will be thought more {ſingular than that which 


has lately been made by Dr. Herſchel, who, as he 


was purſuing a delign which he had formed of ob- 
ſerving, with teleſcopes of his own conſtruction, 
every part of the heavens, diſcovered, in the 
neighbourhood of H Geminorum, a ſtar, which, 
in magnitude and ſituation, differed conſidera- 
bly from any that he had before obſerved, or 
found deſcribed in the catalogues. 


This induced him to conſider it with particu- 


lar attention, and, by continuing his obſerva- 
tions, he found that it could not belong to any 
claſs of new or temporary ſtars which had been 
ſcen at particular times by preceding aſtrono- 
mers: for by meaſuring its motion by a micro- 
meter, he found it to move regularly, according 
to the order of the ſigns; that its apparent dia- 


meter was on the increaſe, and that it declined 
but little from the ecliptic ; which circumſtances 


at firſt led him to conclude, that it muſt be 


ſome comet belonging to our ſyſtem, whoſe 
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remote ſituation had hitherto prevented it from 
being obſerved. | 

As a comet, however, it ſeemed particularly 


| ſingular, ſince no tail, or any hairy or nebulous 


appearance, could be perceived, by which thoſe 
bodies are always diſtinguiſhed from the reſt of 
the ſyſtem; on the contrary, it was found to ſhine 
with a faint ſteady light, ſomething paler and 
more faint than Jupiter, and appeared about 


four ſeconds in diameter. Its differing ſo mate- 
rially from other comets was aſcribed to its im- 


menſe diſtance from the ſun, at which the heat 
was not ſufficient to rarify the groſs atmoſphere, 
ſo as to extend it far enough from the body of 


the comet for it to become viſible. 


A diſcovery of this nature ſoon engaged the 
attention of the moſt eminent aſtronomers of 
Europe, and many obſervations were accordingly . 
made at different times and places. Amongſt 


which, thoſe of M. Lexell, of Peterſbourg, ap- 
pear to have been of particular ſervice, in deter- 


mining the real nature and claſs of celeſtial bo- 
dies to which this phænomenon belongs. Theſe 
obſervations, compared with thoſe of other emi- 
nent aſtronomers, ſufficiently prove, that this 
ſtar is a PRIMARY PLANET, belonging to the ſolap 
ſyſtem, which, till the 13th of March 1781, 

when it was firſt ſeen by Dr. Herſchel, had 
eſcaped the obſervation of every other aſtrono- 


mer, both ancient and modern. 


5 \ | From 
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From a ſeries of obſervations, continued for 
eight months, during which time this planet was 
both in oppoſition and conjunction, and had 
moved through a part of its orbit of more than 
ſix degrees, M. de la Lande calculated its courſe 
for 1782, and found that its diſtance from the 
ſun is near nineteen times greater than that of 
the earth; that its magnitude is about eighty- 
nine times greater than the earth's; and that it 
revolves round the ſun in an orbit, which 1s 
nearly circular, in about eighty-two years. 

The apparent diameter of this planet being 
but about four ſeconds, it can ſeldom be ſeen 
very plainly by the naked eye, but may eaſily be 
diſcovered in a clear night, when above the ho- 
rizon, by a good teleſcope; its ſituation, with 
reſpec to the fixed ſtars, being previouſly known. 
Whether it was attended by any fatellites was, 
at firſt only a matter of conjecture; but Dr. 
Herſchel has ſince diſcovered two; and, from 
the remote ſituation of the planet, there is rea- 
| ſon to believe that there may be ſeveral others, 
which have not yet been obſerved. He has not 
ſeen them long enough to be able to aſcertain 
their periodical times with great accuracy ; but 
is led to ſuppoſe that the firſt performs its re- 
volution in about 8} _ and the other in 
nearly 13 f days. 

As a mark of reſpect to his preſent Majeſty, 
and to convey an idea to poſterity of the time 
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and place of the diſcovery, Dr. Herſchel has 
diſtinguiſhed this planet by the name of the 
Georgium Sidus, following the example of Ga- 
lileo, who, in honour of his patrons, the illuſ- 


trious Houſe of Medici, called the Satellites of 


Jupiter, which he firſt diſcovered, the en 
Stars. 

This diſcovery, e at firſt appeath more 
curious than uſeful, may yet be of great ſex vice 
to aſtronomy; the circumſtance of a primary 
planct having been unobſerved for fo many. 
ages, will naturally lead aſtronomers to exa- 


mine, with greater accuracy, thoſe ſmall ſtars 
which have hitherto been generally /neglected, . 


or only conſidered as of uſe in determining the 
poſition of the plancts. And theſe obſervations 
may produce many new diſcoveries in the celeſ- 
tial regions, by which our knowledge of the 
heavenly bodies, and of the immutable laws that 
govern the univerſe, will become much more 
extended; which is the great object of the 


ſcience, and the ſource from whence we may 


expect to derive ſuch conſequences as are of 
practical application, and the moſt uſeful to 
mankind, | 

Having thus endeavoured to give you, in as 


familiar a manner as poſſible, a general idea of 


the moſt intereſting parts of aſtronomy, I ſhall 
conclude the ſubject with Sir Iſaac Newton's ac- 


count of the Deity, given at the latter end of 


EP | , "9 


„ 
. on +" % „„:ꝙ᷑ 4 
* 5 


LET. XXII, AND OTHER DISCOVERIES. 407 


his Principia; which he conſidered as the moſt 
proper concluſion for a work that conſiſts chiefly 


in an attempt to inveſtigate the laws by which 
this great Being conducts his operations, and 
regulates the machine of the univerſe over 


which he preſides. 


Seven primary planets e about the 
ſun, in circles concentric with him, and with mo- 


tions directed towards the ſame parts, and almoſt 


in the ſame plane. Ten moons revolve about 
the Earth, Jupiter and Saturn, in circles con- 


centric with them, with the ſame direction of 
motion, and nearly in the planes of the orbits 
of thoſe planets. But it is not to be conceived, 
that mere mechanical cauſes could give birth to 
ſo many regular motions, ſince the comets range 


freely over all parts of the heavens in very eccen- 
tric orbits, and by this kind of motion paſs with 
eaſe and rapidity through the orbs of the pla- 
nets; and in their aphelions, where they move 


the {loweſt, and continue the longeſt, they recede 


to the greateſt diſtances from each other, and 
thence ſuffer the leaſt diſturbance from their 


mutual attractions. 


© This moſt beautiful ſyſtem of the ſun, pla- 
nets, and comets, could only proceed from the 
counſel and dominion of an intelligent and pow- 
erful Being. And if the fixed ſtars are the cen- 
ters of ſimilar ſyſtems, theſe, being formed by 
the like wiſe counſels, muſt be all ſubject to the 
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dominion of One; eſpecially, ſince the light of 
the fixed ſtars is of the ſame nature with the 
light of the ſun, and from every ſyſtem light 
paſſes into all the other ſyſtems. And leſt the 
ſyſtems of the fixed ſtars ſhould, by their gra- 
vity, fall on each other mutually, he has placed 
them at immenſe diſtances from each other. 
e This Being governs all things, not as the 
Soul of the World, but as Lord over all; and, 
on account of his dominion, he is wont to be 
called Lord God, or Univerſal Ruler. For God 
is a relative word, and has reſpect to ſervants; 
and Deity is the dominion of God, not over his 
own body, as thoſe imagine who fancy him to 
be the Soul of the World, but over ſervants. 
The Supreme God is a Being eternal, infinite 
and abſolutely perfect; but a Being, however 
perfect, without dominion, cannot be ſaid to be ü 
Lord God: for we ſay, my God, your God, the 
God of Iſrael, the God of Gods; my Eternal, 
your Eternal, the Eternal of Iſrael, the Eternal 
of Gods: but we do not ſay, my Infinite, or my 
Perfect; theſe are titles which have no reſpect 
to ſervants. The word God uſually ſignifies 
Lord; but every Lord is not a God. It is the 
dominion of a ſpiritual Being which conſtitutes 
a God; a true, ſupreme or imaginary domi- 
nion, makes a true, ſupreme or imaginary God. 
And from his true dominion it follows, that the 
true God is a hving, intelligent, and powerful 
: | Being : 


LET. XXIT, AND OTHER DISCOVERIES. 409 


Being; and from his other perfections, that he 
is ſupreme or moſt perfect. He is eternal and 
infinite, omnipotent and omniſcient ; that is, his 
duration reaches from eternity to eternity, his 
preſence from infinity to infinity; he governs 
all things, and knows all things that are or can 
be done. He is not eternity or infinity, but 
eternal and infinite; he is not duration or ſpace, 
but he endures and is preſent. He endures for 
ever, and is every where preſent ; and by exiſt- 
ing always and every where, conſtitutes dura- 
tion and ſpace. Since every particle of ſpace 
is always, and every indiviſible moment of du- 
ration is every where, certainly the Maker and 
Lord of all things cannot be never and no where. 
Every ſoul that has perception is, though in 
different times, and in different organs of ſenſe 
and motion, ſtill the ſame indiviſible perſon, 
There are given ſucceſſive parts in duration, and 
co-exiſtent parts in ſpace, but neither the one nor 
the other in the perſon of a man, or his think- 
ing principle; and much leſs can they be found 
in the thinking ſubſtance of God. Every man, 
ſo far as he is a thing that has perception, is one 
and the ſame man during his whole life, in all 
and each of his organs of ſenſe. God is one and 
the ſame God, always and every where. He is 
omnipreſent, not virtually only, but alſo ſubſtan- 
tially ; for virtue cannot ſubſiſt without ſub- 


ſtance. In him are all things contained and 
| moved; 
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moved; yet neither affects the other: God ſuf, 
fers nothing from the motion of bodies; bodies 
find no reſiſtance from the omnipreſence of God. 
It is allowed by all, that the Supreme God exiſts 
neceſſarily, and by the ſame neceſſity he exiſts 
always and every where. Hence alſo he is 
all ſimilar, all eye, all ear, all brain, all arm, all 
power to perceive, to underſtand; and to act; 
but in a manner not at all human, in a manner 


not at all corporeal, in a manner utterly un ; 


known to us. As a blind man has no idea of 
colours, ſo have we no idea of the manner by 


which the all-wiſe God perceives and under- _ 


ſtands all things, He is utterly void of all body 
and bodily figure, and can therefore neither be 


ſeen, nor heard, nor touched; nor ought he tq 


be worſhipped under the eee of any 


cCorporeal thing. We have ideas of his attri- 


butes, but what the real ſubſtance of any thing 


is, we know not. In bodies we ſee only their 


figures and colours, we hear only the ſounds, 
we touch only their outward ſurfaces, we ſmell 
only the odours, and taſte the ſavours, but their 
inward ſubſtances are not to be known, either 
by our ſenſes, or by any reflex act of our minds; 
much leſs, then, have we any idea of the ſub- 


ſtance of God. We know him only by his pro- 


perties and attributes, by his moſt wiſe and ex- 
cellent contrivances of things, and by final cauſes; 
we admire him for his perfections, but we reve- 
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rence and adore him on account of his domi- 
nion. For we adore him as his ſervants; and a 
God without dominion, providence, and final 
cauſes, is nothing elſe but Fate and Nature. 
Blind metaplryfical neceſſity, which is certainly 
the ſame always and every where, could produce 
no variety or change. All that diverſity of na- 
tural things which we find, ſuited to different 
times and places, could ariſe from nothing but 
the ideas and will of a Being neceſſarily exiſting. 
But, by Way "of allegory, God is ſaid to ſee, to 
love, to rejoice, to fight, Kc. for all our notions 
of God are taken from the ways of mankind, 


by a certain ſimilitude, which, though not e 


fect, has ſome likeneſs however. 
« And thus much concerning God; to diſ- 

courſe of whom, from the appearances of thin 

certainly belongs to Natural Philoſophy.” 
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AN EXPLANATION OF THE PRINCIPAL 
TERMS MADE USE OF IN ASTRONOMY. 


A 


1 an apparent change of place in the 
fixed ſtars, which ariſes from the motion of the 
combined with the motion of light. 

ACHERNAR, a fixed tar, of the firſt magnitude in the con- 
ſtellation Eridanus. | 

ACHRONICAL riſing or ſetting of a planet « or ſtar, is 
when it riſes at ſun ſet, or ſets at ſun riſe. 

Ex as, certain periods of time from whence Chronologers 
and Aſtronomers begin their computations. 

ALDEBARAN, a fixed ſtar of the firſt magnitude, ſituated 
in the head of the conſtellation Taurus, and from thence 
by ſome called the Bull's Eye. 

ALGENEB, a fixed ſtar of the 1 a in the 
right ſide of Perſeus. 

ALGor, or Meduſa's Head, a fixed ſtar of the third r mag- 
nitude in the conſtellation Perſeus. 

AL1OTH, the name of a fixed ſtar in the tail of the great 
Bear. 

ALMICANTERS, certain imaginary circles, oY in 
every poſition of the globe, are ſuppoſed to be drawn 
parallel to the horizon. 

ALPHETA, or Lucida Corona, the name of a fixed ſtar of - 
the ſecond magnitude, in the conſtellation called the 
Nor thern Crown. 


— 


ALTAR, 
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ALTAR, or Ara, a ſouthern 2 conſiſting of 
nine ſtars. 
ALTITUDE, the height of the ſun, moon, or Kart, an 


the horizon, reckoned upon a vertisal circle, in degrees, 


minutes, &. 
AMPHISC11, a name given to the inhabitants of the Tor- 


rid Zone, on account of their ſhadows falling at one 


time of the year towards the north, and at another * 
towards the ſouth. 

AMPLITUDE, an arc of the horizon r between 
the eaſt or weſt point of the heavens, and the center of 
the ſun or a ſtar, at the time of its riſing or ſetting. 


ANDROMEDA, a northern conſtellation conſiſting of ſiæty- 


ſix ſtars, 

ANGLE, the inclination or opening of two lines 2 
in a point. 

ANOMALY, (True) the diſtance of a any; in ſigns, de- 
grees, &c. from that point of its orbit which is the 
fartheſt from the ſun. 

ANoMALY, (Mean) is that which would take place if 
the planet moved uniformly in the circumference of a 
circle. | 

 AnsEx, the Gooſe, a northern conſtellation confifiing of 
ten ſtars. 

AnsER AMERICANUS, or Towcan, the American Gooſe, 
a ſouthern conſtellation conſiſting of nine ſtars. 

ANTARES, a fixed ſtar of the firſt magnitude i in the con- 
ſtellation Scorpio. 

ANT &C1, a name given to thoſe inhabitants of the nk 
who live under the ſame meridian, and at equal diſtances 
from the equator, but on oppoſite ſides of it. 

ANTECEDENTIA, a motion of any of the heavenly bodies 


which is contrary to the order of the ſigns; as from 


Aries towards Piſces, &c. 
| ANTI- 
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| ANTINOUS, a northern conſtellation conſiſting of thirty 


four ſtars. 
Axriropzs, thoſe- inhabitants of the earth who live. dias 
metrically oppoſite to each other, ot walk feet to feet. 


Aris, the Bee, a ſouthern conſtellation * — 


ſtars. 

Arnzrron, that point in the orbit of a planet i in which it 
is at its greateſt diſtance from the ſun. 

AyeoGEoN, that point in the orbit of a planet in which it 
is at its greateſt diſtance from the earth. 

Aps1Des, two points in the orbit of a planet in which it 
is at its greateſt: and leaſt diſtance from the ſun: The 
line joining thoſe points is called the line of the Ap- 
MC. - 


AqQuARIUS, a zodiacal conſtellations Which contains 
ninety- three ſtars. 


AdL A, or Vultur Volans, a conſtellation in the north 
ern hemiſphere, conſiſting of twelve ſtars. 


ARrcTuRuUs, a fixed ſtar of the firſt magnitude; ſituated 


in the ſkirts of the conſtellation Bootes. 

AR 60, the Ship, a fouthern conſtellation confiſting of 
forty-eight ſtars. 

ARMILLARY SPHERE, 2n inſtrument ; of the 
principal circles which are arts drawn upon an arti- 
ficial globe. 

ARIEs, the Ram, a zodiacal conſtellation confitiing! of 
forty-ſix ſtars, into which the ſun enters about the 20th _ 

of March, or the beginning of the ſpring quarter. 

Asci1, the inhabitants of the torrid zone; ſo called, be · 
cauſe the ſun being twice a year in their zenith; their 
bodies at thoſe times caſt no ſhadow. 


| AsCENSIONAL DIFFERENCE, an are of the equinoctial 


contained between that point of it which riſes with the 
ſun, moon or ſtar, and that which comes to the meri- 
| | dian 


dian with them; or it is the time the ſun riſes or ſets 
before or after fix o'clock. 


ATMOSPHERE, that collection of vapours, or body af air, 


- which ſurrounds or encompalles the earth, 


ATTRACTION, a property of matter, by which. bodies are 
made to approach towards each other, without any ſen- 


fible agent either drawing or impelling them. 


AuRORA, the morning twilight, which begins to appear 


when the ſun is on eighteen en below the 
horizon. 


AuRIOA, a northern conſtellation — forty- ſix 


ſtars. 

Axis of the earth, or of a planet, an imaginary line 
paſſing through the center from one pole to the other; 
or that round which they are n to perform their 
diurnal rotations. 

AZIMUTHsS, great circles which paſs through the zenith 
and nadir, and are perpendicular to the.horizon.—'The 
Azimuth of any celeſtial object is an arc of the horizon, 
contained between the eaſt or weſt point of the heavens, 


and a vertical circle paſſing through the center of that 


| objec. | 
| 8. 
BasiLicus, or Cor Leonis, a fixed ſtar of the firſt mag- 


nitude in the conſtellation Leo. 
Bears, two conſtellations in the northern hemiſphere, 


called Urſa Major and Urſa Minor; the firſt conſiſting 


of one hundred and five ſtars, and the ſecond of twelve: 
The north pole ſtar is in the tail of the little Bear. 


BSRENICES HaiR, a northern conſtellation conſiſting of 


twenty-four ſtars. 


| BETELGUESE, a ſtar of the ſecond magnitude in the eaſt 
ſhoulder of Orion,. 


BiISsEXJA 


60 
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Br1ssExTILE, or Leap-Vear; ſo called by the Romans, 
on account of their reckoning the 6th my of the calends 
of March twice over. 


Boorzs, a northern conſtellation conſiſting of fifey-three 


ſtars, one of which, Arcturus, in the ſkirts of his coat, 
is of the firſt magnitude. : | 


C. 


CAMELOPARDALUS, a northern conflilineita compoſed 
of twenty-three ſtars. 


CANCER, the Crab, one of the ſigns of "a ecliptic, con- 


ſiſting of ſeventy-five ſtars, into which the ſun enters 
about the 2 1ſt of June, or upon our longeſt day. 
Canis Major, and Canis Minor, the Great and 
Little Dog, two conſtellations in the ſouthern hemi- 
ſphere, the firſt conſiſting of twenty-nine n. and the 
ſecond of fourteen. 


CAxorus, a ſtar of the firſt magnitude i in the conſtella- 
tion Argo. r 


CarETLIA, a fixed ſtar of the firſt magnitude in the left 


ſhoulder of the conſtellation Auriga. 


CarrIcoRwus, the Goat, one of the ſigns of the eclip- 
tic, conſiſting of fifty-eight ſtars ; into which the ſun 
enters about the 21ſt of December, or upon our ſhorteſt 


day. 


CAR DIN ATL Polis, the eaſt, weſt, north and ſouth | 


points of the compaſs. 


CaRDINAL PoinTs of the ecliptic, the firſt points of the 


ſigns Aries, Cancer, Libra and Capricorn. 
Cammornta, a conſtellation in the northern hemiſphere 
conſiſting of fifty-two ſtars. 


Caupa Lucipa, the Lion's Tail, a fixed ſtar of the ſe- 


cond magnitude in the conſtellation Virgo. 
CENTAUR, 
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CenTAuR, a ſouthern conſtellation conſiſting of thirty- 
ſix ſtars. 

CEenTRIFUGAL FORCE, that force by which any revolv- 
ing body endeavours to fly off from the center of mo- 
tion, in a tangent to the circle which it deſcribes. 

CENTRIPETAL FoRCE, that force by which any re- 
volving body is made to tend towards the center of its 
orbit, | | 

Crynevs, a conſtellation in the northern hemiſphere 
conſiſting of forty ſtars. 

CERBERUS, a northern conſtellation compoſed of nine 
ſtars, 

CtTvs, the Whale, a ſouthern eb which con- 


tains eighty ſtars. 
CRHARLES's OAk, a ſouthern conſtellation * of 


thirteen ſtars. 


Cranres's Wain, ſeven remarkable ſtars i in Urſa Ma- 


jor, or the Great Bear. 

CHAMEL19N, a ſouthern conſtellation compoſed of ten 
ſtars. | 

CHRYSTALLINE HEAVENS, in the Ptolemaic ſyſtem, two 
ſolid orbs, by means of which the ancients attempted 

to account for the apparent motion of the fixed ſtars. 

Comers, certain erratic bodies belonging to our ſyſtem, 
which move round the ſun in very eccentric orbits, and 
are principally diſtinguiſhed from the planets by their 
tails, or ſome hairy or nebulous appearance. 

Cor Caror1, Charles's Heart, an extra conſtellated tar 
in the northern hemiſphere, ſituated between Coma 
Berenices and Urſa Major, ſo called in honour of King 
Charles the Firſt; ſome make it a conſtellation con- 
fiſting of three fans, 

Corona BoOREALTsS, the Northern Crown, a conſtellation 
in the northern hemiſphere conſiſting of eleven ſtars, 

Es: Corona 
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Corona MErIDIONALS, the Southern Crown, a ſouth- 
ern conſtellation compoſed of twelve ſtars. | 
CoLuREes, two great circles, or meridians, one of which 
paſſes through the ſolſtitial points Cancer and Capri- 
corn, and the other through the equinoctial pou Aries 
and Libra. | 
ConjuncrTion, is when two ſtars, ſeen from the fun or 
the carth, appear in the ſame point of the heavens, or 
anſwer to the ſame degree of the ecliptic. | 
ConsSTELLATION, a number of . ſtars lying in the 
neighbourhood of each other, which Aſtronomers, for 
the ſake of remembering with more eaſe, ſuppoſe to 
be circumſcribed by the outlines of ſome animal, or 
other figure, i 
Cos uicAl riſing, or ſetting of a planet or ſtar, is when 
it riſes with the ſun in the morning, or ſets with him 
in the evening. | 
CoNnSEQUENTIA, a motion of the planets according to 
the order of the ſigns; as from Aries towards Taurus, 
&c. | To 
Corvus, the Crow, a ſouthern conſtellation conſiſting 
of eight ſtars. 
ARA the Cup, a ſouthern conſtellation e 
of eleven ſtars. 
CxossiERs, four ſtars in the form of a croſs, which are 
of uſe to ſailors in finding the ſouth pole. 
CULMINATING, a term applied to the ſun or a ſtar when 
it comes to the meridian of any place. 
CycLE of the moon, a revolution of nineteen years, in 
- which time the conjunctions and lunar aſpects are nearly 
the ſame as they were nineteen years before. 
Cyrus, the Swan, a conſtellation in the northern he- 
miſphere conſiſting of ſeventy- three ſtars. 


Dar, 
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Dax, (Natural, ) that portion of time in which the earth 
completes an entire revolution upon its axis. | 

Day, (Artificial,) the time between the ſun's riſing and 
ſetting ; to which is oppoſed night, or the time between 
his ſetting and riſing. 

Day, (Aſtronomical, ) the time between two ſucceſſive 
tranſits of the ſun's center over the ſame meridian z 
which always begins and ends at noon. 

DEcLIiNAT1oON of the ſun, moon or ſtars, i is their diſtance 
north or ſouth from the equator, reckoned in degrees, 
minutes, &c. upon a circle which is perpendicular to it. 

 DicnyoTomIzeD, a term applied to the moon when ſhe 
is in her quadratures, and appears only half illuminated. 

DEGREE, the 360th part of a circle, or the * part of a 
ſign. | | 

DELrHINus, the Dolphin, a conſtellation in the north - 
ern hemiſphere conſiſting of eighteen ſtars. 

Dix Er, a planet is ſaid to be direct, when it moves ac- 
cording to the order of the ſigns; as from Aries towards 

Taurus, &c. | 

Disc of the ſun, or moon, is its round face, which, on 

account of the great diſtance of the object, appears flat, 
or like a plane ſurface, 

D161T, in Aſtronomy, the 12th part of the ſun? s diameter, 
which is often uſed in the calculation of eclipſes. 

Dinar, of or belonging to the day ; thus, the diurnal 
motions of the planets, a are the fpaces they move through 
in a day. | 

DisTAnce, in Aſtronomy, is ſometimes denoted by a 
ſtraight line, and ſometimes by an arc of a circle; the 
latter of which is the caſe when we ſpeak of the diſtance 

of two ſtars from each other. 


Ee2 


DominicAL 
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Dominicar LETTER, one of the firſt ſeven letters of 
the alphabet, which is uſually marked in red, and em- 
ployed in the Almanack for diſtinguiſhing the Oy 
throughout the year. 

Draco, or the Dragon, a northern conſtellation con- 
ſiſting of forty-nine ſtars. | 
Dracon's Heap, or the Aſcending Node, is the north- 
ern interſection of the moon's orbit with the ecliptic, 

which is marked thus 8. 

Dracon's T air, or the Deſcending Node, is the ſouth- 
ern inte rſection of the moon's orbit with the INC, | 
which is marked thus O. | l 


E. 


EAR Tn, the globe which we inhabit ; one of the ſeven 
planets, and the third in order from the ſun, | 

ECCENTRICITY, the diſtance between the center of an 
ellipſis and either of its foci. | 

ECL1PSE of the ſun, an obſtruction of his light, occationed 
by the interpoſition of the dark body of the moon be- 
tween him and our fight. 

Eclirsz of the moon, a deprivation of 5 light, occa- 
ſioned by the interpoſition of the earth between the ſun 
and moon. | 

Eclirric, a great circle of the ſphere, in which the ſun 
always appears to move; fo called, becauſe eclipſes ge- 
nerally happen when the moon is in or near this circle. 
The obliquity of the ecliptic is the angle it makes with 
the equator, which is now about 23 degrees 28 minutes. 

ELEVATION of the Pole, is an arc of the meridian con- 
tained between the pole and the horizon; which is 
always equal to the latitude of the place, or the diſtance _ 
of the zenith from the A 


ELONGA- 
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EON OATION, the angular diſtance of a planet from the 

ſun, as it appears to a ſpectator upon the earth. 

ELemenTs, in Aſtronomy, the requiſites neceſſary to 
determine the theory of a planet, i in order to calculate 
its polition, motion, &c, 

ELLISIs, a figure formed by cutting a cone obliquely to 
its axis: It is in a curve of this kind that the planets 
move round the ſun, and the ſatellites round their pri- 

maries. | | 

EMERSION, the time when any planet which is eclipſed 
begins to recover its light again. | 

Fyacr, the moon's age at the end of the year, or the dif- 
ference between the ſolar year and the lunar one. 

EeocHa, the ſame as ra, a period from whence Chro- 
nologers and Aſtronomers begin their computations, 

EqQuATIONs, certain quantities by which we eſtimate the 
inequalities in the motion of a planet: The moon, be- 
ing ſubject to many * has a great number 
of equations. 

EqQUAT10N of time, the difference . equal time 
and apparent, or that ſhewn by a perfectly true clock 
and a ſun- dial. 

 Equaron, a great circle which ſeparates the northern 
from the ſouthern hemiſphere, and being referred to 
the heavens is called the EQUINOCTIAL. | 

Equinxoxts, the two points where the ecliptic cuts the 
equator ; ſo called, becauſe, when the ſun is in either of 
theſe ſituations, the days and nights are equal to each 
other, 

EqQuvuLvs, or, Equus Minor, the Colt, a conſtellation 
in the northed hemiſphere conſiſting of twelve ſtars, 
ER1DANuUs, the river, a ſouthern conſtellation contain- 

ing ſeventy-two ſtars. | 
Ee. 73 1 | 
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EvecrTion, an inequality in the motion of the moon, 
by which, at her quarters, her mean place differs from 
her true one by about 2; degrees more than at her con- 
junction and oppoſition. 

ETHER, a fine ſubtile fluid, which is ſuppoſed to fill the 
whole celeſtial ſpace between the heavenly bodies and 
our azmoſphere. | 


F. 


Foct of an ellipſis, two points in the longeſt, or tranſ- 
verſe axis, on each fide of the centre; from each. of 
which if any two right lines be drawn to meet each 
other in the periphery, their ſum will be always equal 
to the tranſverſe axis. ; | 

0, 

GaLaxy, or the Milky-way, a large irregular zone or 
band of light which encompaſſes the heavens. 

Gemini, the Twins, a zodiacal conſtellation conſiſting 
of ninety-four ſtars, 

GxocenTRIc place of a planet, is that poſition which i it 
has when ſeen from the earth. 

GeorGIUM SIDUs, a new planet lately diſcovered by 

Dr. Herſchel, being the ſeventh in order from the ſun, 
and the moſt diſtant of any in the ſyſtem. 

G1BBovus, a term uſed in reference to the enlightened 
parts of the moon, whilſt ſhe is moving from the firſt 
quarter to the full, and from the full to the laſt quarter, 
on account of the dark parts appearing falcated, or 
horned, and the light ones convex, 

GoLDEN NUMBERS, a ſeries of numbers proceeding from 
one to nineteen, which are uſed in the almanack for 


determining the times of new and full moons. | 
: | GREGO+« 
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GrEGORIAN YEAR, ſo called "i Pope Gregory XIII. 
who reformed the calendar in the year 1582; which 
reformation was not uſed in England till 1752. 
GRrEYnounDs, a northern conſtellation conſiſting of 
twenty-four ſtars, 


Guus, the Crane, a ſouthern conſtellation compoſed of 
fourteen ſtars. | 


H. 


HELIACAL riſing of a ſtar, is when it emerges from 
the ſun's rays, and appears . the horizon before 
him in the morning. | 

HELIACAL ſetting of a ſtar, is - when it is ſo hid in the 
ſun's beams, as not to be ſeen above the horizon after 
him in the evening. 

HELiocEnTRIC: place of a planet, is that in which it 
would appear to a ſpectator placed in the ſun. 


HEMISPHERE, the half of a globe or ſphere when it is 


cut through its center in the plane of one of its great 
circles. | 
| HERCULES, a northern conſtellation compoſed of ninety- 
t two ſtars. 
HEesPERVUs, a name given to the planet Venus when the 
appears in the evening. 
HETER 0SC11, a name given to the inhabitants of the tem- 


perate zones, becauſe their ſhadows at noon always fall 
one way. | 


HikunDo, the Swallow, a firs conſtellation com- 


poſed of eleven {tars. 


Hor17zon, (Senfible,) a circle which ſeparates the viſible 
hemiſphere from the inviſible one, or that which is the 
boundary of our ſight. 


Be 4 | Hox12on, 


4 
88 
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* Hor170n, (Rational,) a great circle which is parallel to 


the former; and whoſe two n are the zenith and 
nadir. 

HoRIZZON TAL, ſomething e to the Moe or 
that which is taken in, or on a level with the Horizon. 

Hour CiIxcirs, the fame with meridians, or great 
circles which paſs through the poles of the world, and 
are perpendicular to the equator, _ 

Hou, the 24th part of a natural day, which Aſtronomers 
always begin to reckon from noon, 

HyDRA, a ſouthern conſtellation compoſed of fifty- throes 
ſtars. 

Hyeornes1s, a ſuppoſition, a ſyſtem ! upon ſome 
principle which has not been proved. 


. 


IMMERSION, the moment when an eclipſe begins, or 
when a planet cnters into the dark ſhadow. 

INxcII NATION, the angle which the orbit of one planet 
makes with that of another. | 


INDEFINITE, or Indeterminate, that to which the human 


mind cannot fix any certain bounds or limits. 


| Inpus, a ſouthern conſtellation cempoſed of twelve ſtars. 


INTERIOR PLANETS, are thoſe that move at a leſs diſtance 
from the ſun than the earth ; which are Mercury and 
Venus. 


IxoREss, is the ſun's entrance into any * or other part 


of the ecliptic. 
INTERCALARY Day, the odd day, which is made up of 
the ſix hours every fourth or leap- year. 
ULIAN YEAR, the account of time inſtituted by Julius 
Cæſar, which is now called the old ſtile. 


| JuP1TER, the largeſt planet in our ſyſtem, and the fifth 


in order from the ſun, | | 
2 : | Lat 
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L. 


LATITUDE of a place, is its diſtance from the equator, 
reckoned in degrees, minutes, &c. upon the arc of a 
great circle which is perpendicular to it. 

LATITUDE of a ſtar or planet, is its diſtance: from the 
ecliptic, reckoned in degrees, minutes, &c. upon the arc 

of a great circle which is perpendicular to it. 

LEA YEAR, the ſame with Biſſextile; ſo called from 


there being a day more in that year than in a common 


one, 

Leo, the Lion, a zodiacal conſtellation conſiſting of 
ninety-one ſtars, 

Leo Minor, the Little Lion, a northern conſtellation 
conſiſting of twenty ſtars. 

LEssER CIRCLES of the ſphere, are thoſe whole . do 
not paſs through its center. 

Lkrus, the Hare, a ſouthern conſtellation compoſed of 
twenty-five ſtars, h 

L1BRA, the Balance, one of the twelve ſigns of the zodiac, 
into which the ſun comes about the 20th of September, 
or the beginning of autumn, 

L1BRATION, an apparent irregularity of the moon's mo- 
tion, which makes her appear to librate about her axis 
in ſuch a manner that the parts of her eaſtern and 

| weſtern limbs become viſible and inviſible alternately, 


Lynx, a northern conſtellation conſiſting of fifty-five 


ſtars. 


LizARD, a northern conſtellation, conſiſting of twelve 


ſtars. 1 
LonGITUDE of a place, is its diſtance eaſt or weſt from 


the firſt meridian, reckoned in degrees, minutes, &c. 


ppon the equator, 


Longt- 
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LonGiTUDE of a ſtar or planet, is its diſtance from the 
firſt point of Aries, reckoned in degrees, minutes, &c. 
upon the ecliptic. 

Evcipa LRA, a fixed ſtar of the firſt magnitude i in the 
conſtellation Lyra. 

LucirkER, the morning ſtar, Venus, ſo called when ſhe 
is in the caſt, and riſes before the ſun. 

LuMiINARIEs, the ſun and moon, ſo called by way of 
eminence, on account of their extraordinary luſtre, 
and the great light they afford us, : 

Lunar AsPECTS, are thoſe which the moon makes with 
any of the other planets; as when ſhe comes in oppoſi- 

tion, trine, quartile, &c. | 

LuxaTion, a lunar ſynodical month, or the ſpace of time 
between one new moon and another, which is gene- 
rally about 29 days, 12 hours, 44 minutes, and 3 ſe- 
conds, being greater than the periodical month by twa 
days and five hours. 

Luni-SoLAR YEAR, a period wits by maligne the 
cycle of the moon 19 by that of the ſun 28. | 

'Luevs, the Wolf, a ſouthern conſtellation conſiſting of 
thirty-ſix ſtars. 9 

LyRa, a conſtellation of the northern nis dee con- 

fiſting of twenty-four ſtars, 


Macvrz, dark ſpots, appearing on the face of the ſun, 
moon, and ſome of the planets, being contra diſtin- 
guiſhed from Faculæ, which are bright or ſhining 
ſpots, that, by means of the Teleſcope, are ſometimes 
to be ſcen on the face of the ſun, &c. 

MAGNITUDES; the ſtars are divided into fix ſizes, or 


claſſes ; of which the brighteſt are called ſtars of the firſt 
magnitude; 
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magnitude ; the next in brightneſs to theſe ſtars of the | 


ſecond magnitude; and ſo on. 

Maxs, a primary planet belonging to the ſolar ſyſtem, 
- Which is the fourth in order from the ſun, and whoſe 
„ is about four times leſs than that of the 
earth. 

Mean motion of a al. is that which would take 
place if it moved in a perfect circle, and equally every 
day. 

Menu Conus, the mid-heaven, that degree of the 
ecliptic which is upon the meridian at any time of the 
day or night. 

Mercury, a primary planet, the firſt in order from the 
ſun, and whoſe magnitude is about —_— times Jeſs 
than that of the earth. | 

MERID IAN, a great circle of the ſphere, which paſſes 
through the zenith and poles, and is perpendicular to 
the horizon; it is ſo called, becauſe when the ſun is 


upon this circle it is always mid-day or noon, 

MEeronic VEAR, the ſame with the cycle of the moon 
a period invented by Meton, a Greck philoſopher, who 

| lived in the eighty-lixth olympiad, or about 430 years 

before Chriſt. | 

M1cRoMETER, an inſtrument by which the apparent 
magnitudes of objects, viewed through teleſcopes or 
microſcopes, are meaſured with great exactneſs. 

MickoscopE, an optical inſtrument, by means of which 
very minute objects are repreſented much larger, and 

viewed diſtinctly at ſmall diſtances. 

MinvurTs, the both part of an hour in time, or of a de- 
gree in motion, 


MoxoceRos, a ſouthern conſtellation, deni of thirty- 
two ſtars, 


Mons 
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Mons MznaLvus, a northern conſtellation, conſiſting of 
eleven ſtars. 

MonTH, (lunar or ee ) a period of about twenty- 
ſeven days, ſeven hours, and forty- three minutes, which 
is the time the moon is in paſſing from one point of her 
orbit to the ſame point again. 

Mor rn, (ſynodical,) a period of about twenty- nine days 
and a half, which is the time between one conjunction 
of the ſun and moon and another. | 

MonrTn, (ſolar, or calendar,) the time the ſun takes to 
move through one of the ſigns of the zodiac, which, at 

a mean, is about thirty days and a half. : 

Moon, a ſecondary planet, or ſatellite, attending the 
earth, which ſhe regards as the center of her motion. 

Musca, the Fly, a northern conſtellation, conſiſting of 
fix ſtars, 


N. 


Navin, that point in the heavens which is dire y oppo- 

ſite to the zenith, or immediately under our feet. 

Ngo Lx, cluſters of ſmall ſtars which have been diſco- 
vered by the teleſcope in different parts of the heavens, 
and are fo called from their cloudy appearance, 

Noan's Dove, a ſouthern conſtellation, compoſed of 
ten ſtars, | ; 

NocTUuRNAL ARC, is that ſpace of the heavens which 
the tun apparently deſcribes from, the time of his ſetting 
to the time of his riſing. 

Nopes, the two points where the orbit f a planet inter- 
ſects the plane of the ecliptic. 

Nox AGESLIMAL DEORE E, the goth degree, or higheſt 
point of the ecliptic, at any given time of the day or 
night. | 

NonTHenN 
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NoRTHERN S1G6Ns of the ecliptic, are thoſe ſix which lie 
to the north of the equinoctial; as Aries, Taurus, Ge- 
mini, Cancer, Leo, and Virgo. 

Nucrkus, a term uſed by ſome Aſtronomers for the 
head of a comet, and by others for the central parts of 
the planets, | 


O. 


OsL1iqQue ASCENSION, is an arc of the equinoctial con- 
tained between the firſt degree of Aries, and that point 
of it which riſes with the center of the ſun or a ſtar. 

OBLIQUE SPHERE, is that poſition of the globe, in which 
either of the poles are elevated above the horizon any 
number of degrees leſs than ninety. 


OccuLTATI1ON, is when a ſtar or planet is hid from 


our fight by the interpoſition of the moon, or ſome other 
planet. 

OcTANT, an aſpect of the planets when they are forty- 
five degrees diſtant from each other. 


Ornivcnvs, or Serpentarius, a northern conſtellation, 


conſiſting of ſixty- ſeven ſtars. 
Oppos1TIoON, an aſpect of the ſtars or planets when they 


are a hundred and eighty degrees diſtant from each 


other; which in the Ephemeris is marked $9. 
Orris Macnvus, the orbit of the earth, which is made 
by its annual revolution round the ſun. 


ORBIT of a planet, the curve or path which it deſcribes - 


in its revolution round the ſun. 


OR1oN, a ſouthern conſtellation, conſiſting of ninet y- 
three ſtars. 


= * 
PAR ALL Ax, the difference between the places of any ce- 


leſtial object, as ſcen from the ſurface of the earth and 
from its center, 


PARALLAS 


2 * 8 


* 
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PARALLAX of the carth's annual orbit, is the angle at any 
planet which is ſubtended by the diſtance between the 
fun and earth; or it is that change of place in the 
planets, which ariſes from their being ſeen from diffe- 
rent points of ſpace, as the earth moves round the ſun, 

PARALLELS of latitude, ſmall circles of the ſphere, which 
are drawn parallel to the equator. 

Pavo, the Peacock, a ſouthern conſtellation, compoſed 
of fourteen ſtars. 8 
PRO Asus, a conſtellation in the northern hemiſphere, con- 

ſiſting of ſixty-ſeven ſtars, | 

PexDULUM, a body that ſwings backwards and forwards 
about a fixed point; and which, on account of its 
equal vibrations, is made uſe of for meaſuring time. 

PENUMBRA, a faint ſhadow which accompanies an eclipſe, 
and occaſions a partial obſcurity of the body tc to that 
part of the earth on which it falls. 

PRRIOECI, thoſe inhabitants of the earth who bs under 
the ſame parallels of intitude, but on oppoſite L.des of 
the meridian. 

PERIGEON, that point of a Hanet s orbit in which it is at 
its leaſt diſtance from the earth. 

PRRIH ELTON, that point of a planet's orbit in which it is 

at its leaſt diſtance from the ſun. 

PER10OD, a certain length of time after which eclipſes, and 
other celeſtial phæ nomena, return again in the ſame 
manner as before. 

PERIPHERY, the circumference of a circle, ellipſe, or 
any other regular figure. 

PERISCII, the inhabitants of either of the frozen zones; 
ſo called, becauſe their ſhadows go round them for ſix 
months, or fall towards oppoſite points of the compaſs. 

PRRSEOUSs, a conſtellation in the northern hemiſphere, 
* of ſixty-ſeven ſtars. Es 

PHASES, 


— 
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 Pnases, the ſeveral appearances of the moon and planets, 
according as a greater or leſs part of their illuminated 
hemiſpheres are preſented to our ſight, 

Prnoenix, a ſouthern conſtellation, conſiſting of thirteen 
ſtars. EP 

ProsPHOR, a name given to Venus when ſhe is a morn- 
ing ſtar, 

PRoc vo, a fixed ftar of the ſecond magnitude, in the 

_ conſtellation Canis Minor. 

Piscks, the Fiſhes, a zodiacal conſtellation, _— of 
a hundred and ten ſtars, | 

Piscks voLANs, the flying Fiſh, a ſouthern conſtella- 
tion, conſiſting of ſeven ſtars. 

PLaneTs, (Primary,). thoſe bodies, in our ſyſtem, 4 
regard the ſun as the center of their motions; the num- 
ber of which is ſeven, Mercury $, Venus 2, the 
Earth O, Mars &, yan A, Saturn h, and the 
Georgium Sidus. | 

PLANE, in aſtronomy, is UNE uſed for an imaginary 

| ſurface, which is ſuppoſed to cut and paſs through 
folid bodies; and in this ſenſe we are to underſtand the 
plane of a planet's orbit. 

PLANETARIUM, an inſtrument made uſe of for ſhowing 

the phænomena of the planets z ſee Plate 20. 

PLtetapes, ſeven remarkable ſtars in the conſtellation 
Taurus. 

PoLAaR CIRCLES, two ſmall circles of the ſphere, twenty- 
three degrees and a half diſtant from the poles: that 
about the north pole is called the arctic circle, and the 
one about the ſouth pole the antarctic circle. | 

Pol R STAR, a ſtar of the ſecond magnitude, in the tail of 
the Little Bear; ſo called from its being fituated near 
the north pole of the world. 


7 | Ports 
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Ports of the World, thoſe two points which are at the 


extremities of the earth's axis; or, when referred to 
the heavens, the two points directly over them. 
PrRoJECTILEs, ſuch bodies, as being put into motion by 
any particular force, continue to move with a certain 
velocity, either in a ſtraight line, or a curve, accord- 
ing to circumſtances, ſuch as a ſtone thrown from a 
ling, an arrow from a bow, or a ball from a gun. 
PRIuUuM MopiLE, the firſt mover, an immenſe ſphere, 
which, in the Ptolemaic ſyſtem, was ſuppoſed to turn 
round the carth, as a center, every twenty-four hours, 
and to carry with it the ſun, moon, and planets. 
PRECEssS10N. of the equinoxes, a flow motion of the 
two points where the equator interſects the ecliptic, | 
which are found to go backwards about hſty ſeconds a 
year. 


Q. 


Qvanrn AGESIMA, the firſt Sunday in Lent, ſo called be- 


cauſe it is about the 40th day before Eaſter ; and for a 
like reaſon, the three preceding Sundays are called 
Quinquageſima, Sexageſima, and Septuageſima. 


QyADbRANT, the fourth part of a circle, or an inſtrument 


made uſe of for meaſuring angles, and taking the alti- 
tudes of the celeſtial bodies. 
QuaDRATURES, or quarters; thoſe phaſes of the moon 
which take place between the conjunction and oppoſi- 
tion, and between the oppoſition and conjunction : one 
being called the firſt quarter, and the other the third. 
QUARTILE, an aſpect of the planets when they are ninety 
degrees, or a quarter of the zodiac diſtant from each 
other; which in an Ephemeris is denoted by V. 
QUIESCENT, the ſtate of a body which is at my or in 
oppoſition to motion, 
REFRAC- 


* 
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R. 

REFRACTION, is that variation which the rays of light 

ſuffer in paſſing through mediums of different denſities, 
which occaſions the heavenly bodies, when viewed 
obliquely through the atmoſphere, to appear at a greater 
height above the horizon than they really are. 

ReGvivs, a fixed ſtar of the firſt magnitude in the heart 
of the conſtellation Leo. 

RIO EI, a fixed tar of the firſt magnitude in the leſt foot 
of Orion. 

RETLEXIOx, is the return of the rays of light, after ap- 
proaching ſo near the ſurface of bodies as to be re- 
pelled or driven backwards. | ul 

REPvL510N, that property in bodies, by which, if they | f 9 
are placed juſt beyond the ſphere of each other's at- 0 
traction of coheſion, they mutually fly from each other. | 

RETROGRADE, an apparent motion of the planets in ſome b 
parts of their orbits, when they ſeem to go backwards, 
or contrary to the order of the ſigns. 

REvoLUTION, 1s that motion by which the heavenly bo- 
dies, in a certain time, return again to the ſame points 
of their orbits. 

RIGHT ASCENSION, is that degree of the equator uhh 
comes to the meridian with the ſun, moon, or ſtar, 
reckoning from the firſt point of Aries, 

RoTATION, the motion of any heavenly body round its 


R 
7 


axis. | 1 
8 e | 64 
SAGITTARIUs, the Archer, a zodiacal conſtellation, con- | 
liſting of forty-cight ſtars. ' 
1 SAGITTA, 


n 
wth RY 
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SAGITTA, the Arrow, a northern conſtellation, conſiſt. 


ing of thirteen ſtars. 


SATELLITES, ſecondary planets, or moons which revolve 
round the primary planets in the ſame manner as thoſe 


primaries revolve round the ſun. 


SATURN, a primary planet, the ſixth in order from the 
ſun, and whoſe magnitude is about a thouſand times 


greater than that of the earth. 


ScoRP10, a zodiacal n conſiſting of a1 


four ſtars. 


srconp, the ſixtieth part of a minute, either of time or 


motion. 


SECONDARY circles of the ſphere, are thoſe circles which 
paſs through the poles of ſome great cirele : thus the 
meridian and hour circles are ſecondaries to the _ 


noctial, &c. 


SErPENSs, the Serpent, a northern conſtellation, conſiſt- 


ing of fifty ſtars, 


SERPENTARIUS, A northern conſtellation, compoſed of 


ſixty-ſeven ſtars. 


SEXTANS UR ANI, a ſouthern conſtellation, conſiſting 


of four ſtars. 


SEXTILE, an aſpect of the heavenly bodies when they are 
ſixty degrees diſtant from each other, and is denoted in 


an Ephemeris by &. 


S1DEREAL, of or belonging to the ſtars or planets. 
SIDEREAL YEAR, is that ſpace of time which the ſun 
takes in moving through the ecliptic, from any fixed 


ſtar to the ſame ſtar again, 


SiGNs, the twelve conſtellations of the zodiac, Aries NV, 
Taurus 8, Gemini u, Cancer , Leo K, Virgo m, 
Libra , Scorpio m, Sagittarius , Capricornus , 


Aquarius , Piſces X. 


3 


SOBIESKI'S 
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Sonizski s SHIELD, a northern conſtellation, conſiſting 
of eight ſtars. 

SolsTITIAL PoiNTs, are the two „ figns of the zodiac, 

Cancer and Capricorn, at which the ecliptic touches 
the tropics, and into which the ſun enters on our longeſt 
and ſhorteſt days. 


SOUTHERN FI8H, a nt in the ſouthern hemi- 
ſphere, conipoſed of fifteen ſtars. 


SOUTHERN TRIANGLE, a conſtellation in the ſouthern 


hemiſphere, conſiſting of five ſtars. 


SOUTHING of the ſtars, the time when they culminate or | 


come to the meridian, 

Sic Vinoinis, a fixed ſtar of the firſt magnitude, in 
the conſtellation Virgo. 

STARS, (fixed,) thoſe bodies which ſhine by their own 
light, and are not ſubjeR to motion. | 

STATIONARY, a planet is ſaid to be ſtationary when it 

has no apparent motion. 

STYLE, the manner of reckoning time from ſome particu- 
lar period or remarkable event. 

SUPERIOR PLANETS, are thoſe which move at a farther 
diſtance from the ſun than the earth, and are Mars, Ju- 
piter, Saturn, and the Georgium Sidus. 

SYNODICAL MonTH, the ſpace of time from any new 
moon to the following one, which is at a mean twenty 
nine days, twelve hours, and forty-five minutes. 

Str1vs, a fixed ſtar of the firſt magnitude, in the conſtel- 


lation Canis Major, which is the brighteſt in the heavens. | 


SYSTEM, a number of bodies revolving round a common 

center, as the planets and comets move round the ſun, 

SYZYGIES, thoſe points of the moon's orbit, in which ſhe 
is at the time of her new and full. 


Ff2 Taunus, 


„ 
0 2 2 
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To 

Tavrvs, the Bull, a zodiacal- conſtellation, conſiſting 
of one hundred and nine ſtars. | | 

TErLEsCopic STARS, thoſe ſtars which are only diſcover- 
able by means of a teleſcope, 

TEMPERATE ZoNEs, thoſe parts of the earth contained 
between the tropics and polar circle. 

Tukok v, any doctrine which terminates in ſpeculation, 
without conſidering the practical uſes and 1 
n i 

Torrid Zows, that part of the earth which is contained 
between the two- tropics. | 

TRANSIT, is the paſſing of one celeſtial body before ano- 

ther, ſo as to render any part of it inviſible. | 

TrxiGonus Ma JoR, the Great Triangle, a northern 

_ conſtellation, conſiſting of ten ſtars. 

Trxicoxus Minor, the Little Triangle, a northern 
conſtellation, conſiſting of five ſtars. - 

TRINE, an aſpect of the planets, when they are a hun- 
dred and twenty degrees diſtant from each other and 
in an Ephemeris is denoted by A. 

TroPics, two ſmall circles of the ſphere which are pa- 
rallel to the equator, and twenty-three degrees = | 
eight minutes diſtant from it. 

TwWIrIonr, is that faint light which we perceive before 
the riſing of the fun, and after his ſetting, and is occa- 
ſioned by the refraction of the earth's atmoſphere. | 


V. 


Vector Ravivs, a line ſuppoſed to be drawn from any 
planet to the ſun, which moving with the planet, de- - 
ſcribes equal areas in equal times. | | 

5 | 5 Venus, 
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Venus, a primary planet, the ſecond in order from the 
ſun, and whoſe magnitude is about one-ninth leſs than 
that of the earth, | | 

VerTiICaL CircLes, the ſame as Azimuth Circles, or 
ſuch as are drawn perpendicular to the horizon, 

Vino, the Virgin, a zodiacal conſtellation, conſiſting 

ol ninety-three ſtars. | 


URSA Major, the Great Bear, a northern conſtella- 


tion, conſiſting of one hundred and five ſtars; ſome- 
times alſo called Charles's Wain. 
Ursa Minox, the Little Bear, a northern conſtellation 
near the pole, conſiſting of twelve ſtars. | 
VULPEs, the Fox, a northern conſtellation, conſiſting of 
twenty-nine ſtars. - 
N20 
XIrRHIAS, the Sword-fiſh, a ſouthern conſtellation, con- 
ſiſting of ſeven ſtars. | 
| * 
Yea, the ſpace of time taken up by the ſun in going 
through the twelve ſigas of the zodiac. — See S1DE- 
REAL YEAR, &. | 


Z. 


ZENITH, that point of the heavens which is perpendicu- 
larly over our heads. 

ZoDIAC, a zone or girdle, ſurrounding the heavens, of 
about eighteen degrees broad, in the middle of which 

is the ecliptic, and in which the orhits of all the pla- 
nets are included. | | 

ZoNE, a diviſion of the ſphere, contained between any 
two parallels of latitude, 
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DIRECTIONS To Ti: BINDER. 


Ma. BownNyYcAsTLE, Mathematical Maſter, and Lecturer 
in Geography and Philoſophy, at the Royal Military 
Academy, Woolwich, propoſes to educate a few Young 
Gentlemen, not exceeding fix, at his Houſe on Woolwich 


Common, - between Shooter's Hill and the New Barracks. 


His Plan of Inſtruction, will comprehend an entire 


| Courſe of Nautical and Military Mathematics, both in 


Theory and Practice, together with Geography, Hiſtory, 


and the different branches of Natural and Experimental 
Philoſophy, properly illuſtrated, and adapted to the in- 
| tended profeſſions of his Pupils, | And as the Young Gen- 


tlemen will be taught by him perſonally, and conſidered, 
in every reſpect, as part of his Family, he wiſhes no one 
to apply who is not fully determined to ſecond his endea- 


vours for their improvement, by the ſtricteſt regularity and 
attention. | 


Mr. Bonnycaſtle's ſituation is peculiarly favourable to 
his Plan; for beſides the range of a pleaſant, healthy and 
extenſive Comman for exerciſe, the Young Gentlemen will 
be in the Neighbourhood of the Warren, Dock Yard, &. 
where Military, Naval and Mechanical ae, are 
daily performed. 


Foreigners of Diſtinction, who wiſh to acquire Mathe- 
matical and Philoſophical Knowledge, and at the ſame time 
to perfect themſelves in the Engliſh Language, will find 


this Gruation particularly advantageous to them. 


Drawing, Fencing, Dancing, and every other polite and 
uſeful accompliſhment will be taught by the beſt Maſters, 


The Terms of Inſtruction, and other particulars, may 


- be known by applying to Mr. Bonnycaſtle at Woolwich 


Common, or to Mr. Johnſon, Ne 7a St, Paul's Church- 
Yard, | 


Publiſhed by the ſame Author and ſold by J. Jonxsx, 
Ne 72, &. Paul's Church Yard, 


1% Tux ScnoLar's Guipe ro ARITHMETIC; or a 
Complete Exerciſe Book for the Uſe of Schools. With 
Notes, containing the reaſon of every Rule, demonſtrated 
from the moſt ſimple and evident principles; together with 
| General Theorems, for the more extenſive uſe of the ſcience, 

Ath Edit. price 28. bound, 

2. Ax InTropverion To MENSURATION' and PraAc- 
TICAL GrEomETRY. With Notes. containing the reaſon 
of every Rule, conciſely and clearly demonſtrated. zd Edit. 
price 3s. bound. # | 


$i Ax InTropuctiION To ALGEBRA; with Notes and 
Obſervations : deligned for the Uſe of Schools, and Places 
of Public Education. Price 3s. bound. | 


20 U 59 
Aud ſpeedily will be publiſhed, 
Tur ErcmtnTs or GEOMETRY, or an Abridgment of 


the firſt fix, and the eleventh and twelfth Books of Euclid, 
With Notes, Critical and Explanatory. 


